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FOREWORD FROM THE CONFERENCE CHAIRMAN 

The need for effective weapon system trainjng is receivin~ increased attention 
throughout the DoD c~mmunity as the benefits of improved student performance and 
reductions in training costs are documented. The use of simulntion in flight 
training is now accepted as being highly effective while affording significant 
reductions in training costs. Similar applications of training and simu:-.~ion 
technology are gaining acceptance in such diverse areas as team t~ctirs training, 
surface and sub-surface ASW, conduct-of-fire systems, and air cushion ~~hic~e 
operation. 

Technological advances in solid state devices, design architectur~s. &o~tware, 
i~age generation and display, and performance measurement, to name but a few, ar~ 
making possible increased training device functionality, effectiveness, reliability, 
and supportability. The present effectiveness is yielding the long needed docu
mentation of training device payoffs. The recent Defense Science Board study on 
training illustrates recognition of the growing importance of cost-effective 
training to this nation's defense. 

Recent world events have demonstrated the impact of highly trained military personnel 
on national defense. World attention in 1982 has been focused on the decisive 
role training has played at sea, in the air, and on land. These experiences will 
undoubtedly affect future DoD plans and lend strong support for continuation of the 
emphilsiS---.qn t raining. 

"'\ 
Close communir.ation between the military and industry is critical to advancements 
ir1 training.\ Without a clear understanding of the military needs and problems in 
training, effe~tive solutions are doubtful. Conversely, military planners cannot 
capitalize on\,b[,e technical and management advances of industry unless they are 
communicated.~he goal of the Interservice/Industry Training Equipment Conference 
is 1·o serve as a forum to foster ~communi.cation. Through technical papers, 
panels, equipment exhibits, and individual discussions, problems are aired, nPeds 
ore defined. and plans are specified to develop al teq'l_ati.v.es ...... ;md......s.o.lu..t:i,_ons. 

The purpose of this conference is communication and~he papers containe~ ~: these 
proceedir.Qs are an attempt to document both industry?s ?nd government's views .. 
These papers were selected to present a wide range of government and industry 
techniques, iss0es, problems, and needs. 

--- ~----

While past cor.feren~es have covered a wide range of training topics, it has 
be~ome increasingly recognized that the voice of the user must be heard~ It is not 
enougn·-·ta·· hear -·from the acqui s i tian. requi re.ments, design oo:- support sp~cial is ts. 

-~he traini nq equipment user is da · , 1 confronted with a diversity of unique 
difficulties w_ hich a.re frequently .;nseeo by othe.rs in the training_ .. eye. le 1 Complica-
ting the _p.r...oE.l~m ___ i_s_that few vehicles are available to the user __ to _v_o_ictythese 
issues. ),Tre Fourth __ Int_er:ser:vice/Industry Training Equipment-conrerence is, 
therefore, focused on the user. Our goal is to communicate the user's views to 
those in government and industry and hopefully improve the resultant training 
product. 

~-. 

....... _ 

'I'hi~ document has been approved 
for public release and sale; its 

i.stribution is unlimited. 

Dr. James A. Gardner 
Conference Chairman 
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ABSTRACT 

-The Joint Logistics CommandersJ (JLC) are composed of the commanders of the US Army 
~lateriel Readin.:!ss and Development Comroat).d, Air Force Lcgisti~ Command, and Air Force 
Systems C'ommand as well as the Chief of }aval Material. The .!LC meet regularly 1dth 
the Deputy Secretary of Llefens£>. Theirqpurpose is to resolve com.110n concerns and, 
where r>ossib!.<', to achieve efficiencies by combining efforts. The day-to-day activities 
of th'-' .J.LC a_rc carried out by joint panels and groups • 

. . ~~ - -- - . -- - _:_) 
--:-Alne st.dt group is the Jc int Technical Coord in at ing Group on Siruulatqrs and Training 

Devtces (JTCC-STD). Its pt•rpose1 as stated in its charter from the JLC,....lis to identify 
opportttnities to coordinate or co~solidate progr~ms in research and development, 
acqulsitlon, ~111J operation nrd support of training devices and to implement plans to 
reduce the cost and/or inc:·c;;.se the effectiveness of military simulators and training 
devices, 

\ 

That is a large order. To accomplish it requires breaking it into manage<~ille 
tasks. Each year the JTCC-STD will review proposals for efforts which have :,igh 
payoffs to two or more sct·vices. The best of these will b.: choc:en to hn presented to 
the JLC as candidates fc•r JLC sponsorship. JLC sponsored tasks will be Managed by a 
su1:~le com~.:1nJ with a!;sistance from the others. 

The first three tasks chosen for JLC sponsorship are to develop (1) a stanuard 
llc>fen';" ~lapping Agency datn hase transfot:nation pr0gram, (2) a library of standard 
t:leetronic warfare threat dat:<. baf>es, and (J) stnnJard training de·Jice software 
acquisition man«gt'ment procedures. The efforts will commence in FY 84 and FY 85. 
Future initi:.~tives for JLC spcnsorship are solicited, and the method for submitting 
th<::n to thP JTCG-STD is outlined. 

I~TRODUCTIO~ 

1'1 the mid-1960s the military services 
hecamc greatly interested in each others acqui
sition, supply, and maintenance capabilities. 
Out of that interest and C00;>.!ration grew a 
strttctl.:re known today as the Joint Logistics 
r..ommanders, or JLC. The early efforts 

acquisition and support organizations, the 
training industry, and uitimately, the 
taxpayers. 

THE JOINT LOGISTICS COMMANDERS 

The Jo:l.nt Logistics Commanders (JLC) consist 
of the commanders of the US Army Materiel Develop
ment and Readiness Command, Air Force Systems Com
mand and Air Force Logistics Command and the Chief 
of Naval Material. USMC liaison is provided by 
th~ Headquarters USMC Deputy Chief of Staff for 
Installations and Logistics. The current members 
of the JLC are pictured in Figure 1. 

involved such areds as munitions effective
ness and depot maintenance interservicing. 
Other efforts have been added, and many have 
been completed. When the 1973 oil embargo 
caused an upsurge in interest in training 
simulators, the JLC formed a group to 
coordinate activities in the reolm of 
trnlnlng equipment. 

·The purpooe of this paper is to famil
i£•rize th~ training equipment community 
with the group that has evolved from t!Jose 
early e:forts and to solicit ideas on how 
the services can improve training effec
tiveness through interservice cooper at ion·~ 
Effectiv~ interservice initiativeH can___../'\\· 
benefit the operating commands, the 

While this joint arrangen.Jnt has no lugnl 
authority, other than that deleg&te~ to each 
Commander to accomplish his assigned mission, 
the JLC ntanagement concept has been endorsed 
by the Chiefs of the Military Departmen'·s, 
the Service Secretaries and the Secretary of 
Defense. The JLC meet formally at least 
quartet·ly and periodically report to the 
Deputy Secretary of Defense, the Under-Secretary 
of Defense for Research and Engineering (who is 

;• 

'; 
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• ,,, f~,··~~:\· \.·, 1 ~:i·,ft i1'Tl ~::<l't:ul Lv~o:} .t:td c:•' 
-i~.tdn~ St·t·rt·t.tr~· t•f !~\·:,·n•,t f,q· •:.Hl!'\'Jt·r, 

',', ··;vr•·t: .-\ffr~ir'"> .til•! ! .• ~~:[·:.t f,·~. 

Figur,, 1. The Joint Logistics Co!nn'anders (1 to r: 
Ce:; '.Cc,be:t T. ~l-ush, USAF (AFSC); Adm J. G. 

•.-::ll::•.::cs, Jr., \!SC: (!\":'!C); CPn .L-tmes P. ~!ullins, 

'.'SA'' (Af'LC:); l:en :>onald 1:. KL•ith, ~S:\ (DARCml); 
~-L -::c•:1 II. ,\. i!:ltclr, r:c;:-rc! 

:;tnt·\.' rh~,_, JLC :lrl' n0t nn cJffici;l1 hody, 
tL .. ·rl' i~; :H"~ JLC ~:;tafr. lnHt'-.!:td, t•ach eomm:utder 
lns a ::1e;nb0r of bis spC>cial ~taff \.o.'ho is 
dl'~~ign~ted :1s :\ssist.J.nt for Joint Sen.·ice 
:\ctivit.ies. Thes£' fivP arc kno\..~ colle~tively as 
the Jn int Sccrctari.at, and tl1-~y carry out 
dav-tn-day aJministrativc activities on behalf 
of the JLC. The .TLC thcns•.·lves mC'ct at least 
qu:1rter1 y \.,.'} t h t.."',1ch commandPr tak inr, hi~ turn 
~ ,, ho s t t 'lC o t he r s . 

The effort;; which th: JLC c:irect .ore carried 
out t!1rough various groups and panels. Some of 
tlll'St' are created for specific short tem tasks 
a:-:d pass out of existence in a matter of months. 
Others have a con~inuing mission. Regn~dless of 
t!:e durarion of the task, each panel or group 
co,--.sists of a principal member from each command, 
;,lternate members as required, and an invited 
rs~c participant if the subject is of interest 
to the ~l1rines. One principal member serves as 
chairman. The groups and panels report to the 
JLC through the Joint Secretariat. The group of 
specHic interest to th2 training community is 
the Joint To;,chnical Coordinating Group on 
Simulators and Training Devices (JTCG-STD). 

THE JOINT TECHNICAL COORDINATING GROUP ON 
STHULATORS AND TRAINING DEVICES 

The JTCG-STD was chartered originally in 
1976 to minimize duplica~ion in research and 
devC'lopment efforts. The problem with that 
charter was that it did not permit doing some
thing new which would have multi-service payoff. 
During a five-year-point review of progress, all 
parties agreed that a potential existed fo• high 
payoffs from interservi~e efforts in the simulator 
and training device area. The question was how 
to achieve them. 

2 

SPV<'rnl principle.s were "' .•·n•d to !n laylnf; 
out tlw n(•W approach. Fir>~t, • ·: ••rts ;.oould r.11ve 
to In· diHcrete and measurah](·, " ke('phv with the 
phllosophy tktt the way to (•at ·" el<'phant i<> one 
bite at a time. Second, impl<·:· c:ting effort<> 
would llllVC' to hl• done within t 1 •• frame~o~nk of 
l'Y.lsting management systems ,..,, ·. as the Planning, 
Programming., ..:nd Budgeting Sys~ .,., (PPBS). Third, 
two or more services would hav. co share in the 
benefits. Finally, priority ''' .ld ge> to those 
efforts with the highest rctun :>n investment; 
return being defined as a comb' ;;~tion of increased 
training effectiveness wit.h )'(7,: .<.:ed cost. 

Out of these principles ,.,,, •.: the co:1cept of 
"JLC sponsored" tasks. Each Y' .r the JTCG-STD 
will review p0ssible efforts. ·~cuse with the 
greatest payoff will be revie"'' by the Joint 
Secretariat and presented to t' JLC. If the 
JLC agree that the tasks shoul.' be pursued, they 
will adopt them as JLC sponsor~J. The lead 
command, with the cooperation of the others, 
will tlwn entPr the task into tht' Pl'BS as a high 
priority nt'w start. Once the system has been 
operating for several years, each ~ear will se~ 

the completion of some tasks, continudtion of 
others, initiation of more, and approval of 
additional ones. 

All of these principles are embodied in the 
31 Harch 1982 .JTCG-STD charter which is reproduced 
in Figure 2. Perhaps the best way to illustrate 
how the JTCG-STD is operating is to briefly 
examine three JLC-sponsored tasks initiated by 
the JTCG-STD. 

JLC SPONSORED TASKS 

Standard D~\ Data Base Transformation Program 

Air Force Systems Command is the lead command 
for this effort, which will be managed by the 
Deputy for Simulatora at Aeronauticaj' Systems 
Division. It is funded in FY 84 and ~~yond and 
the request for proposal will be issued in FY 83. 
The objective is to reduce the proliferation of 
tra~sformation programs for Defense Happing 
Agency (DMA) digital data. Changes in the D~~ 
specification would be more easily accommodated, 
nnd data bases, whether radar, visual, or infra
red, would be transportable among training devices. 
Furthermore, data base enhancements developed for 
a Navy simulator could be used directly for an 
Army or Air Force simulator. 

Library of Standard Electronic Warfare Threat Data 
Bases 

Nava1 Haterial Command is the lead command 
for this effort, which will-be managed by the 
Naval Training Equipment Center. It will be an 
FY es start with preliminary activities in FY 84. 
The objective is to be able to ?roduce or update 
EW threat models once and then distribute the 
model to all users. Whether this will be done by 
use of a standard specification or a model 
library is yet to be determined. 

Standard Training Device Softwarr Acquisition 
Management Procedures 

US Army Materiel Development and Readin~ss 
Command is the lead command for this effort, which 
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DEPARTMENT OF THE ARMY 
HEADQUARTERS UNITED STATES ARMY 

MATERIEL DEVELOPMENT AND READINESS COMMAND 
5001 EISENHOWER AVE., ALEXANDRIA, VA. 22333 

DEPARTMENT OF THE AIR FORCE 
tADQUARTERS AIR FORCE LOGISTICS COMMAND 

.VRlGHT-PATTERSON AFB, OHIO 45433 

DEPARTMENT OF THE NAVY 
HEADQUARTERS NAVAL MATERIAL COMMAND 

WASHINGTON, DC   203o0 

DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR FORCE SYSTEMS COMMAND 

ANDREWS AFB, WASHINGTON, DC 20334 

CHARTER 
FOR 

JOINT DARCOM/NMC/AFLC/AFSC COMMANDERS 
JOINT TECHNICAL COORDINATING GROUP 

ON 
SIMULATORS AND TRAINING DEVICES 

I.   PURPOSE. 

A Joint Technical Coordinating Group on Simulators and Training Devices 
(JTCG-STD) is hereby established. Because the services share the same 
population base as a source of trainees, the same industrial base as a 
source of training equipment, and the same potential adversaries as a 
standard against which training results must be measured, there exist 
numerous opcortunities to coordinate or consolidate programs in research 
and development, acquisition, and operation and support cf training 
devices. The purpose of the JTCG-STD is to identify such opportunities 
and to implement plans to reduce the cost and/or increase the effec- 
tiveness of military simulators and training devices. 

II   MISSION. 

The r.;ission of the JTCG-STD is to maintain oversight of all activities 
within the four logistics commands whid involve research and development 
acquisition, or support of simulators and training devices. Based on this 
knowledge of planned and on-going activities, the JTCG-STD will identify 
specific projects for JLC sponsorship whicn offer high pay-off to two or 
more services from consolidating efforts into a single* JLC-sponsored 
initiative. In those instances where JLC sponsorship of a joint 
initiative is not warranted, the JTCG-STD vnll ii»3ure coordination 
and exchange of information between and among the services to minimize or 
eliminate duplication of effort. In addition, the JTCG-STD v;ill facili- 
tate the exchange of information such as technical reports and contractor 
past performance between and among agencies of the logistics commands to 
improve the efficiency of operations. 

III. GUIDANCE. 

The JTCG-STD shall: 

A. Be task oriented. As such it will identify and sponsor discrete tasks 
with high pay-of* to two or more services. These tasks, or initia- 
tives, will be of finite duration with measurable goals. 

B. Communicate with appropriate groups and panels of the Interservice 
Training Review Organization (ITRO) to reduce or eliminate duplication 
of effort. 

C. Coordinate with the Directorate of Research and Technology, Office of 
the Under Secretary of Defense, Research and Engineering to eliminate 
duplication between the JTCG and the Simulator Technical Advisory 
Group (SIMTAG). 

0. Communicate with other major commands such as TRADOC, ATC, and 
CNET which are also involved in training device acquisition to 
maximize the benefits of interservice cooperation. 

Figure  2.     JTCO-STD Charter 



F. 

Encourage the use of the annual Interservice/Industry Training 
Equipment Conference as a primary vehicle for the interservice 
exchange of information among members of the military training device 
community. 

Establish formal means of communication between the JTCG and service 
peculiar simulator and training device coordinating organizations such 
as the USAF Simulator Advisory Group (SAG). 

IV. REQUIREMENTS. 

A. Annually, in time to influence preparation of the service Program 
Objective Memoranda, the JTCG-STO shall "dentify to the Joint 
Secretariat new joint service initiatives for JLC sponsorship. 
Initiatives shall be documented in the format of Appendix II to the 
Handbook for Joint Logistics Commanders Panels/Groups. 

B. Annually, on-going JTCG-STD sponsored initiatives shall be reviewed 
to determine whether continued JLC sponsorship is warranted. If nc 
the JTCG-STD shall recommend to the Joint Secretariat that JLC spon 
sorship should be withdrawn. 

V. ADMINISTRATION. 

A. Periodic reports will be submitted in accordance with the Handbook for 
.bint Logistics Commanders Panels/Groups. 

B. Funding for a JTCu-STO sponsored initiative will be programmed and 
budgeted by the lead logistics command for that initiative. Support 
of the initiative by the other logistics commands will be from 
existing resources. 

C. JTCG-STD initiatives approved by the JLC will be supported by the 
logistics commands to the extent necessary to assure that the benefits 
of interservic? cooperation will be realized. 

D. Lead command responsibility for JTCG-STD initiatives will be 
equitably distributed provided sufficient expertise exists within a 
command to effectively lead the effort. 

E. Subgroups may be established from time to time with the specific 
approval of the OPRs In accordance with the Handbook for Joint 
Logistics Commanders Panels/Groups. 

F. In order to identify areas for coordination or consolidation of 
efforts, the JTCG-STD may review planned and on-going simulator and 
training device programs at meetings of the JTCG. 

G. Adequate resources including travel funds will be allocated to 
JTCG-STD activities to permit timely and effective operations. 

XM££JC 
OONALD R. KE'TH 
General, USA 
Commanding 
U.S. Army Materiel Development 

and Readiness Corn end 

V*^U^. 
J. G. WILLIAMS, JR. 
Admira\ USN 
Chief of Naval Material 
Naval Material Command 

fiuiL U 
JAMES P. MULL INS 
eneral, US£.F 

Commander 
rAir Force Logistics Command 

ROBERT T. MARSH 
General, USAF 
Commander 
Air Fo-cc Systems Command 

DATE: 31 March 1982 
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JTCG-STD INITIATIVE FOR A STANDARD 
DMA DATA BASE TRANSFORMATION "PROGRAM 

PROBLEM 

A new, unique transformation program has been procured for every simulator and 
training device whose radar or visual system uses Defense Mapping Agency (DMA) 
data. Worse, when DMA changes the specification to which it digitizes world- 
wide data, each previously procured transformation program must be revised to 
accept DMA data which rreets the new specification. 

BACKGROUND 

The Defense Mapping Agency integrates a variety of data sources to produce '. 
digitized data base. This data base is used in training devices to present the 
outside-the-cockpit scene to the aircrew as visual, ground-mapping radar, infra- 
red, or other sensor information. However, the ones and zeroes which compose 
the digitized data base cannot be presented directly; they must be manipulated 
to return them to a real world form. A data base transformation program per- 
forms this function. 

Any data base which DMA produces is formatted and detailed according to the spe- 
cification in effect at the time of production. Any change in that specifica- 
tion requires changes in the transformation programs which will be used to 
process the data base. The specification has been changed every three or four 
years on the average. 

DISCUSSION 

There are no theoretical reasons why DOD could not maintain a single data bast 
transformation program. The government could then provide the program to 
training device manufacturers as GFE and cou1 ! revise it concurrently with data 
base specification changes. Thus, the services would no longer be paying for 
multiple programs and multiple updates. Furthermore, some of the products them- 
selves (for example, enhancements to the DMA data base) would then be transpor- 
table between training devices. 

In practice, the number of data base transformation programs required might be 
two or three, depending on application (radar, visual, infra-red) or device 
sophistication (part task trainer, full mission trainer). However, even a 
reduction to two or three data base transformation programs would result in 
substantial savings to DOD. 

CONCLUSION 

An effort to develop a standard DMA data base transformation program is 
required. 

ORIGINATOR 

Name, complete mailing address, phone number (AUTOVCN for DCD personnel). 

Figure 3.  Abstract format 
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will   be managed  by   the  Project  Manager  for 
Training  Devices.     Tt  will   begin  as   soon   as 
planning  can  be  completed  since   it  will   be  done 
primarily  within  the  government.     The  objective  is 
to   reduce  costs   to  us  by allowing  a  contractor 
to apply  the  same  software management  procedures, 
reviews,   and data   items  to  all   the   Defense 

Department   training  device  contracts   in   his  plant. 
The  team which undertakes   this   task will   coordi- 
nate   its work with the  JLC's Joint   Policy 
Coordinating  Croup on  Computer   Resources  Manage- 
ment   (JPCC-CRM).     Training   device   software   and 
computers are  exempt   from the  requirements applied 
to   embedded   computer   resources,   but   the  JPCG-CRM 
work  is  a useful   starting  point   for   training 
device   efforts.     Needless   to   say,   the  JTCG-STD 
will   work  with   industry  on   this   task. 

CHALLENGE TO THE TRAINING  COMMUNITY 

Those   three JLC sponsored   tasks   illustrate 
the  broad  features of  the  sort   of  efforts  the 
JTCG-STD  is  chartered  to undertake.     But   the 
JTCG-STD has no monopoly on   ideas.     The  JTCG-STD 
needs  ycur  help.     If  you  have an   idea  to   solve a 
problem and   it  meets  the  general   criteria 
outlined   in  this  paper,   the  JTCG-STD vants  to 
know about   it. 

The   initial   reviCJ  requires only  a  one  page 
abstract   in  the  format,  of   Figure  3.     Based  on 
the abstract,   the JTCC-STL will   return   it 
because   it   does not  meet   the   criteria,   hold   it 
for  future  sponsorship,   ask   for  additional 
information,   or recommend   ir   for  JLC 
sponsorship. 

Send  your  abstract   to   the  appropriate 
address   listed   below. 

If   yea  are  Army: 

US Army Project Manager for Training Dm-ices 

DRCP.M-TND-;-: 
At tu:     Dr.   R    Hof er 
Orlando,   FL  32 813 

If  you  are   Air  Force: 

Ogden  Air   Logistics  Center 
QO-ALC/MMF 
Attn:     Mr.   W.   Hangen 
Hill   AFB,   FT 84406 

If  \ou  ..re  Navy,   USMC,  or   Defend.»  Agency; 

Commander,   Naval   Air  Systems  Command 
NAIR-4131 
Attn:  Mr. J. Schreit er 
Washington, DC 20360 

If you are outside the Department of Defense: 

Headquarters Air Force Systems Command 
HQ AFSC/SDTA 

Attn:  Lt Col G. Winters 
Andrews AFB, DC 2 03 34 

share the same training device industrial base. 
We share the need to provide effective training 

at an optimum cost.  As a result, the ; ervic.es 
could do much together. 

The Joint Logistics Commanders have accepted 

the challenge to do more together in the training 

device area and have chartered a Joint Technical 

jrdiuatirig Croup on Simulators and Training 

Devices to make it happen.  In turn, the JTCG-STD 
needs the help of the training community. 

Together we can achieve the goals the JLC have 
established.  The services, «".lie industry, and 
the nation will be the beneficiaries. 
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CONCLUSION 

As the military services view the world of 
training, many things look the same—because they 

are the same.  We share the same threats.  We 
share the same pool of potential Tainees.  We X. 
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GETTING USER REQUIREMENTS INTO THE 
DEVELOPMENT-TO-DELIVERY LOOP 

Frederic W  Snyder 
Boeing Military Airplane Company 

Wichita. Kansas 

ABSTRACT 

"^lany who coordinate with military users ot training systems are aware that some trainers fail to satisfy important user 
requirement^ Conscientious peop'e working in the requirement-to-dehvery IOOD may never intentionally neglect or distort 
end-user ndeds. However, sucn oversight or misunderstanding does occur within the operations of complex military. 
government, and industry organizations. The character of formal and informal information flows within and between these 
organizations as they relate to identification, establishment and communication of requirements hold the key to improved 
procedures What is recommended is consideration for increased emphasis on the collection and use of untütered needs 
statements of lower echelon users during the system development to-^elivery process This envisioned emphasis would 
also include information feed-back loops to the end-user culminating in a user orientation manual covering the intended 
purpose of the trainer, a brief nistory of the system development, and training, logistics support, and maintenance 
philosophies 

\ 

INTRODUCTION 

rt is a vital concern of the using organization and the military training 
system contractor to know about and understand the problems user 
personnel are having with a current trainer Unresolved or partially 
solved problems of this sort lead to requirements for system changes 
or. in time, to replacement systems As an alternative, a 
service-oriented contractor mav suggest or participate in a 
reorientation of the approach to trainer use. maintenance, and 
logistics support that will enhance the value or extend the useful life of 
the system in close coordination with user personnel 

Where the system is in current operation and unresolved problems 
lead to modified or new systems, we can easily see the validity for 
strong inputs to requirements by lower echelon users However, when 
a new mission requirement dictates a fairly radical change in the 
functional requirement (e.g.. advent of the weapon system trainer), or 
when the state-of-the-art enables the start of a new generation of 
t'aining systems (e g . the computer image generation visual system), 
or when cost-eüecttveness o* training systems becomes trie major 
issue, then the origin of the requirement comes from a different pan of 
the governmental .» military organization and it is not so easy to 
determine how the ultimate user should be involved in the 
establishment of needs, requirements, and specifications as well as in 
other phases of development and evaluations For the potential user 
and an others concerned, there is less information directly based on 
experience and more emphasis on trying to bndge between the known 
and the unknown This gap becomes wider the more radical the 
change from current to future system concepts 

The thesis of this paper is that the ultimate user (instructor cadre, 
maintenance personnel, logistics personnel) should panic pate in 
establishing and evaluating system needs, requirements 
specifications development, test, and evaluation for all trainers This 
participation may at times be formal or informal It may consist of 
orgmating or reviewing paper work, coordination, telecons. gomq to 
and participating m meetings and reviews, participating in tests and 
evaluations, receiving orientation briefings tra.nmgs on and 
evaluating new system concepts, being interviewed or answering 
questionnai.es. participating as a pane' of user experts to support 
contractor design eflorts. or participating as trainer opeiators. 
mamtainers. or logistic support persons in research and development 
tests 

It is realized that there are many factors and constraints working 
against the users systematic involvement, one of the most important 
being allocating the time away from work and the costs of 'ravel and 
subsistence Other important factors are the constraints imposed in 
competitive bidding and competitive fly otls. and strong attitudes of 
independence by representatives of some companies and 
government agencies II greater involvement and input by the lower 
echelon user m. the requirement-to-de!ivery process >s viewed as a 
pnonty then these and other constraints will be viewed as a challenge 
and a way often will be found to facilitate such participation One of the 

most critical phases in new system concept formation and 
development needing inputs from the user is during the prepa;ction of 
the needs statement and in the process of requirement definition and 
authentication. First we need to define what we rman by 
"requirement." 

DEFINING   REQUIREMENT 

"What is a requirement' may be said to have a double meaning in 
the systems develooment-procurement cycie Firsi, it means defining 
the authentic requirement which, in one form or another, can be used 
to blaze the trail toward adequate fulfillment of a user's need. Secono 
it means that the whole process starts with a careful definition ol 
"WHAT " "WHAT' (i e . what is really required) is the only question 
that should be allowed at this stage Considering other questions too 
soon only confuses the requirement issue For example, when the 
question HOW" is brought up too soon, the requirement 
development and communication process becomes confused 
because everyone tries to solve a problem that hasn t been properly 
defined. The strongest urge seems to be to hurry through the problem 
definition in order to get on with the solution, only to find after months 
or years of development and even production, that the solution does 
not fit the real-world problem Perhaps this is so because many/nore 
people and organizations of people appear better equipped trj solve 
problems than to ask questions and systematically and correctly 
define problems 

Sometimes these two different groups oppose one another when 
they should cooperate to better define and fulfill a requirement 
Typical arguments used on one side are Stoo wasting effort on an 
ill-defined problem, or on the other We re wasting too much effort 
on understanding and defining, lets get on with a solution Some 
argue for a middle ground whicn places both sides in competition with 
checks and balances, but that tends to stretch things out Soon the 
schedule is tight, the budget is short, and there is no room for 
redefinition of a problem, only battering attempts to try to solve 
whatever seems to be the requirement 

What is recommended s that the important term requirement be 
defined and communicated The requirement analysis should not De 
contaminated with des.gn solutions even it those who are establishing 
the HOWs start to work to establish feasible system solutions during 
the same t«me as those who are still trymq to establish WHATs (or 
requirement«^. Tnis is the ideal time to utilize inputs from lower 
echeion users who presumably are not design er.gmeers or 
requirements specialists and should be encouraged to think in terms 
of requirements and alternative broad functions that need to be 
accomplished to fulfill the requirements 

THE AGENCY REQUIREMENT 

In order to view the full potent-ni of opportunities to get user 
requiremer *.s into the trainer development-to-delivery cycle we next 
look at the process by which the agency requirement is orqmated 
coordinated and fulfilled by development of a new system 
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Government policies, regulations and procedures tend to create a 
check and balance approach and deliberately involve all affected 
parties to establish and authenticate adequate requirements, which 
when fulfilled, will satisfy the assigned mission(s) of the agency 
Forms have to be filled out, signed, and transmitted through the 
proper channels Suggestions for improvement are studied which may 
die or be revised and transmitted to another format, perhaps as a 
statement of need Many are tabled Surviving requirements are 
funded for further study, preliminary development and specification 
wiritmg If additional funding is authorized and if industry is to 
participate, a request for proposal is prepared 

Typically, while all of the official actions described in the policies, 
regulations, and procedures are taking place, many unofficial actions 
are occurmg. The birth of a firm requirement ofen takes a lot of time 
Anyone who has carried the banner for a new requirement knows how 
difficult it is to find success Banner carriers are essential and may 
encounter strong attitudes and feelings, such as the status quo - 
"Don't rock the boat' and Let's make do with what we have There 
are memes. phone calls, and trips But establishing a firm requirement 
for an important mission is worth the effort 

Not all of the developmental effort is expended within the 
governmental agencies If the requirement is expected to result in a 
contracted, funded development program, industry begins parallel 
efforts to try to understand and even participate in the establishment 
of the requirement Studies are performed using research and 
development (R&D), bid and proposal funds, or under contract to the 
agency. Frequent contacts are made with user, requirement R&D. 
procurement and finance personnel in the agency or support 
organization 

Now this sounds like a good v. ^y to establish useful req.jirements 
and it works well when there ve skillful coordinators and 
communicators and banner carriers dedicated to understanding, 
defining and fulfilling basic i,ser needs An example of what can 
happen is thai an influential person or group can favor a certain kind ot 
new system The system technology is on the cutting edge of the 
state-of-the-art. and still under development It does not yet meet the 
user required specification and degrades training capability 
Nevertheless it is the favored solution The users may not have 
sufficient authority to demand the system that best fits their needs In 

specific instances there may be justifiable reasons for overriding user 
requirements just as there may be justifiable reasons why some users 
persist in demanding that their training equipment requirements be 
met. What is suggested here is that there be a fair and hopefully 
somewhat impartial arbiter of honest differences The procurement 
system already has the checks and balances intended to resolve such 
problems. 

COMMUNICATING AND THE INDUSTRY ROLE 

The simplified communication process of a requirement as it is Jone 
within the needing agency may look something like what is shown in 
Figure 1 The details including iterations will vary depending on such 
things as procedures, where the need orgmates. the priorities, the 
complexity, cost and length of the program required to fulfill the needs, 
and how much opposition is experienced 

Industry representatives are sometimes allowed to participate in 
this process. They are used as consultants They do studies They 
provide information for agency presentations They help make 
presentations to establish firm requirements. They travel and they 
convey messages. 

The way the agency has of communicating within is by internal 
instruments, such as the Justification of Major System New Starts 
(JMSNS) submitted with the Program Objectives Memorandum 
(POM) A budget line approved by Congress and a Program 
Management Directive (PMD) are confirmation of a firm requirement 
as well as providing the means of meeting the requirement Certain 
aspects of these internal messages are made known to industry 
through briefings or other means The official message of a beginning 
procurement process is usually made in the Commerce Business 
Daily " but if that is the first time a company learns of the requirement. 
it is usually too late for them to respond effectively 

The notice in the Commerce Business Daily' is valuable and for 
legal reasons essential in the procurement process However, 
industry specialists who have been working on a pre-proposal effort 
for months have been known to read a notice so veiled that they did 
not recognize the item as related to their effort What is recommended 
is a more specific and revealing notice pre-evaluated for language 
c'anty and simplicity 

U**f Originator 

Figur* 1.   Communication of a Raquiramant (Typical) 
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The value of user and procuring agencies and se'ected .ndustry 
icpresentatives nteracting during requirements definition and 
development are obvious The most obvious is the expertise that can 
be brought to bear on development of viable requirement pros and 
cenp from an independent source. Although one school of 
requirement definition says requirements should be defined apart 
from the effort of obtaining solutions, there is almost always a vigorous 
interaction between requirements and the means of meet'ng those 
requirements For example, among the first thoughts a manager has 
regarding a proposed requirement is how much will it cost? How long 
will it take9 This means feasible solutions as an integral pari of a 
requirements definition and authentication are looked at very early 
Ordinarily, industry is regarded as the primn inventors and doers of 
the solutions intended to meet such requirements Industry has 
preliminary design capabilities, including requirement analysts who 
are knowledgeable and can be tasked to work closely with the agency 
in defining, developing and selling a significant requirement But just 
because a liaison has been established does not mean that all is well 
in the communication process 

Traditionally the tendency is for coordination to occur between 
industry and agency personnel at similar echelon levels Although 
Figure 2 undoubtedly oversimplifies the fact, it makes a point Figuie 
2a shows that in industry and military agencies, the presidents and 
vice presidents tend to talk with the generals, the chief engineer talks 
with the colonels, the project engineer tends to talk with the majors 
and captains and the engineers talk with the lieutenants and 
sergeants, etc The industry marketing man or the prog.am manager 
usually has more flexibility but tends to talk with higher level 
management The specific levels involved are usually determined by 
the size and importance of the program or potential program that 
affects the rank ot the management position established to heat, un 
the proje"* Something could be missed unless all levels are at least 
aware of all data in the requirements 

Although perhaps somewhat exaggerated. Figure 2b shows the 
recommended approach to establish and maintain system 
requirements and development communications Informal 
communication works this way if the freedom is allowed at least to 
some extent Although there are many who would feel tha* the 
requirement for discipline and order in an organization would be 
compromised bv such activity, tho^e who have risked experimentation 
of this method, even to a limited extent, see merit in this approach 

Whether official communication of th<s sort is to be allowed depancs 
on the people and the operating procedures in the organization. There 
are places h both military and industrial organizations whs'e it has 
been observed working well, at ieast in an informal mode. 

CRITIQUING THE REQUIREMENT 

An agency procedure fur definng and authe. «.eating firm 
requirements should, and often does, take into account that differing 
and nven competing points of v.ew should be considered, studied, 
discussed, and hard decisions made Basic technical requirements 
are tempered by such p-actical matters as priorities, availability of 
money, manpower and facilities, opinions of authorities, ard 
competition All requirements go through a process of clique and 
modification before fmalization. 

For example, for many years there has been a technical 
requirement for motion in flight simulators for certain mission 
segments such as takeoff and landing, but only in recent years has the 
effectiveness part of the cost-effectiveness formula taken 
precedence Because of the cost consciousness aspect of 
procurement in a highly inflationary period, even the definition of the 
cost-effective procurement" seems to have changed. The original 

idea was to achieve some kind of balance berween the cost of a 
system and the effectiveness produced by the system Some consider 
the cost all that really maters but I don t believe it. In my home we 
have a rule —don't buy the cheapest product if no one will use it. 
Perhaps part of the problem is that the buyer and user are not in the 
same "household The buyer may not know if what he buys is 
ineffective or even unusable and he may never find out because on 
programs with long developments, many times the originators and 
"players" transfer to other jobs before 'he end item is delivered. 

Experience indicates that no statement of need, no required 
operational capability, no functional o- even detailed specification is 
ever absolutely complete This frailty in communication is usually not 
discovered until rather late in the game, perhaps during 
hardware-software integration or system test and evaluation, or 
sometimes not until operational testing and eventual use These 
sensitive to this problem should allow for this The recommendation is 
that after doing all we can to communicate our requirements and 
specifications adequately, we build in feedback systems to check out 
the responses of the receiver to the senders message and see if the 
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receiver understands the message This involves far more than 
merely asking the receiver Do you unders'and9' and hearinp his 
response.   Yes' 

AVENUES FOR IMPROVEMENT 

Let's next explore an analogy, a training system development 
approach, and topics on assuring trainer fidelity and usability ihat 
focus attention on the process of defining and getting user 
requirements into the development-to-delivery loop It's not that we 
understand precisely what goes on and that we can put our finger on > 
solution. We just know that this loop is a very complex problem 
formulation and communication process usually involving many 
people over a period of time 

1 The   Open Shop   Approach 

The difference between tine closed shop and the open shop 
as it relates to a customer getting what he's ordered may help to 
further define the problem and suggest another avenue for 
solution. In the closed shop procedure, you write up ycur order 
as best you know how and slip it in the slot on the shop door that 
says incoming orders Then you wait and what vou thought 
you ordered is delivered through a chute marked orders 
delivered here 't may or may not be what you expected but \ ou 
are obliged *o use it the best vou can Sometime later you are 
allowed to make changes or even to try all over again 

in the open shop yuu can enter and talk with someon* inside 
until you both are confident on an agreement of requirements 
and expected proouct capabilities to meet those requirements 
In the open shop you are free to participate and car even 
influence the development of the product The product will still be 
the result of compromises, and will not do everything you would 
like, but bv means of personal representation your highest 
priority requirements are usually met in a cost-effective and 
timely wav and you certain;-/ are not surprised bv what you get 
upon delivery The open shop approach assures that the 
original messages of ultimate user needs are not garbled 
twisted or lost If the message does not appear clear, seems 
exaggerated or even unrealistic, a discussion is arranged with 
the cnginator Once we hava a clearly written originator r.eeds 
statement, it should be earned aiong with all endorsements or 
rebuttal statements of superiors, consultants, engineers 
requ-rements people, procurement specialists finance 
specialists, or anyone who would propose approval disapproval. 
or changes to the original statemen« All would include reasons 
or proof of their statements as applicable All who see the 
requirement in succession would see the whole file of 
communications A: imponant decision junctures in 
authenticating a requirement, coordination with as many of the 
pai.tcipants in the process as appropnate and piacticabie wouid 
be carried out. especially with the originator This type of 
coordination would not preclude systematic studies of related 
needs throughout the agency involved which might De satisfied 
with a single development and procurement program 

2 Adapting the iSD Approach 

The Instructional System Development (ISD) process is an 
attempt to establish grass roots training requirements m a 
systematic manner, relying more on a detailed analysis of *he 
task to be trained 'ather than on the opinions of expert tracers 
and their trainees Perhaps not all tisks require a detailed 
analysis if carefully planned *nd systematically obtained expert 
otnnmn <J_-;M feterffikOB what the cnticat ta>*s are in training and 
emphasize detailed analysis only of these Expert opinion on all 
aspects of »r<? mog requirements should be obtained and 
compared *.-h rnaiyt-caliy derived requ.rements in the ISD 
process with are taken not «c influence trie one with the other 
too eany in the requirement delimiter, process 

1? should be recognised that grass roots includes the working 
level as v. *H as lower echelon management In establishing flight 

training requirements, for example, we need written and oral 
statements trom the flight line and training simulator instructors 
and tneir trainees These statements can often be obtained in 
well planned interviews and discussions and through 
questionnaires which include open-ended questions Getting 
upward-fiitered grass roots opinions is an essential part o? the 
requ;rement definition process but should never be permitted to 
supplani investigation at the subordinate levels 

3.     Assuring Fidelity 

An observation made earlier in iois paper concert,ed the 
difficulty m including in the writing "«II of the details ;n the 
requirements and specifictions necessary to assuie a usable 
'rainer An outstanding example is the present inability to fully 
pecify airpi ,ne handling qualities requirements for flight 

trainers The contractor understands this ptoblem and plans a 
period for tuning »he system after the system has been 
qualified u^ing all availat'e specification«- and applicable 
airplane source da'a as a guide In our experience, qualified 
pilots are stidoni completely satisfied with the flight simulator 
handling qua.'ties on the first flight even though the system 
may have pas sec al1 other system specification tests And when 
the custome. test pilot flies the flight Simulator he son .'times 
does not like how it handles At this point, a period of time will be 
required to fine tune the system to a baseline acceptable to the 
customer pilot 

What should be recognized >s i! i the inability io fully specify 
handing qualities is s current stale-of the-art limitation, and (2) 
unti1 overcome, it is recommended that this iim.tation be 
recognized in the acceptance test procedure, the schedule, and 
the program budge: 

4      Assuring T>ainer Usability to Train 

The present difficulty in fully specifying the use to whicn a 
system will be put is perplexing and persists to seme extent even 
when ISD procedures have been in effect Given serious voids 
the contractor may (11 guess. (2) ask a lot of questions of the 
customer procurement personnel, which he is reluctant to do fcr 
a variety of reasons (3; conduct company (usually abb-eviated) 
training requirements analysis and display the results to the 
customer for comment and possible dialogue on this important 
subject. (4) visit and talk with customer user personnel and ISD 
specialists about their training r equipments (but they may not 
fully understand m terms of a new-concept trainer i. (5i hire 
highly qualified former customer user person.lei (if possi &) to 
auvise contractor management and engineers rn their 
preliminary design proposa' ind full-scale development effort, or 
(6) use a combination or these and other approachev 

Because training effectiveness is an elus ve factor, it is 
recommended that agency and industry work harder trying to 
specify, undeistand and comply with the specifications Until the 
s'ute-of -the-art allows for more adequate specifications, per naps 
an acceptance tuning procedure agreed »o by both the 
procuring agency and the contractor is needed that can be useo 
to establish more exactly what the user needs in interaction with 
the actual training device Obviously some fiexibiitv in the 
systems, such as m the instructional system, will be required to 
enable Tuning to the needs of the instructor pilot It is 'u^h©r 
i;-commended that consideration also be gaen on se'ected 
programs to have a user representative or pane« on s.ie of ?he 
contractor during both development and test evaluation 

ALTERNATIVE 

(k>romunicattng is a drfficuft an and can be very frustrating Care must 
be taken that frustrations do not take on a personal nature when a 
new kok at the whole process is more in order Take a situation where 
a customer knows m hrs own mind what he wanied his new system to 
do and had h«gh expectations oniy io discover tar iess eap*h*ht> man 
he expected during acceptance tests O' 'magerte the frustration of 



contentious company people who really wani lu satisfy a customer 
but ca«:x)t s^em to even though the system meets formal 
speculation requirements The usual tradeoff is eitner a dissatisfied 
customer who in time finds some way to use the new trainer, or a 
series of engineei mg changes \o improve tne syrtem if the customer 
can afford them 

To alleviate the frustration, we need to come to grips with certa«n 
basic problems 

il Recognize the need for improvig the requirement 
specification communication process 

2! Define and establish an approach to accomplish the 
needed improvements 

3) Where necessary, accept currpnt limitations in statements 
c* requirement«-, and spec'^cations and build in ieed-back 
loops 10 close the communication information gap 

4) Correctly assess the source of apparent human and 
organization limits to communicate requirements and 
specifications and assign alternative methods in both 
plannmq and development to overcome communication 
weaknesses 

5) As pan o< the user maintenance manuals prepare a final 
feedback on the whole development process that 
summarizes the contractors interpretation of contract 
specifications, how they were met and operating guides 
for thf» use. to use to attain the performance intended by 
the original requirements Perh'ps the manuals could even 
preceae delivery of the trainer equipment so surprises 
would be minimized and full open'ionai use expedited 
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ENHANCING THE COMPUTER GENEKATED ILLUSION 

Ne^l I. Mayer and Michael A. Cosman 
Evans & Sucherland Computer Corporation 

Salt Lake City, Utah 

ABSTRACT 
"A 
The usefulness of the image produced by a C1G system is not well 

characterized by just the number of edges or surfaces displayed, but is c. 
strong function of the effectiveness with which the scene d^Lails provide 
visual cues. This paper presents some exan.ples of what can be achieved 
using hardware capabilities and modeling tecnniques to enhance the ability 
of the CIG to present useful scene detail. 

Previous CIG systems changed scene details when their image size was 
nail enough so as not to be distracting to the observer. Recently 
introduced system capabilities allow scene details to evolve in a more 
continuous, smooth, ano independent manner. By using these capabilities, 
details need not be included in the scene until they are of visual 
importance. A hierarchical management structure is utilized to provide 
efficient data base cull'ng and level of detail control.. This enables data 
bases with thousands of square miles, man> levels of detail, and thousands 
of surfaces per square mile to be processed efficiently by the image 
generator. Such data bases, rich in two- and three-dimensional textural 
features, can be efficiently produced by using automated generation 
procedures that require a minimum of modeler effort. 

INTRODUCTION 

The imagery produced by a real-time 
computer image generator (CIG) is, in 
truth, a very sophisticated illusion. 
The participant in a simulation exercise 
should feel, think, and react as if what 
he is seeing is real, when in fact it is 
not. As the range of training, 
engineering, and test environments 
broadens and the demand on training 
effectiveness increases, so does the 
demand on the CIG. 

The problem for CIG systems has 
^always been to produce the "most 
effective image" possible within a set 
of constraints. The typical measure 
used to define the "most effective 
image" has been the number of edges or 
surfaces that can be displayed. This 
has proven to be an inadequate metric in 
specifying the capability >f a CIG 
system. The effectiveness of the 
illusion is more dependent on th* 
system's ability to provide sufficient 
cues for a particular task, whether it 
be high altitude navigation or low 
altitude weapons delivery. This ability 
can be "«Nisured in terms of the number 
of displayed edges or surfaces, the 
number and density of cues, the 
concentration of cues where they are 
most important, and the system's ability 
to manage the data base in a manner that 
is both non-distracting to the observer 
and efficient in presenting scene detail. 

To enhance the .jRputer-generated 
illusion, an effective combination of 
»odel»fv<3 strategies and image generator 
capabilities    is    require.*.     The 

development of the techniques presented 
in this oaper was done on an Evans & 
Sutherland CTJA image generator. This 
paper will infoduce some of the .system 
capabilities, and the modeling- 
strategies which have been de"eloped to 
more fully utilize these capabilities. 

HARDWARE FEATURES 

This section will outline the 
structure of a CT5A data base and then 
discuss some of the features of the 
CIG's cell processor, which does the 
initial processing of the data base. 

Data Base Structure 

A CT5A data base is a collection of 
scene elements that has been organized 
into a hierarchical structure to allow 
efficient processing by the image 
generator. Scene elements consist of 
planar surfaces, called polygons, and 
lights. Objects in a data base are made 
up of a collection cf these surfaces and 
lights. Usually an ot^ect is thought of 
as a single entity such i,s a tree, bush, 
or rock. By organizing surfaces of 
various sires and shapes the modeler can 
create complex items, sjch as aircraft 
ard sni„s. The modelet can deter*ine 
the visual attributes of an object" by 
specifying the color and shading 
characteristics of th« surfaces that 
comprise the object. CT5A also allows 
objects to be made transparent, and 
several levels of transparency are 
provided. 

The hierarchical structure of the 
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data base can be likened to a tree with 
main branches that diverge into smaller 
branches and eventually down to the 
individual leaves. The CTBA image 
generator traces through the d\£a base 
tree and applies a series oF~ cullTng 
tests to determine which portions of the 
encire data base should be considered 
for further processing and possible 
display. These culling tests are 
performed to eliminate, as early as 
possible, and in pieces as large as 
possible, those portions of the data 
base that will not appear in any display 
channel. These culling tests include 
level of detail (only the simplest 
representation of an object necessary 
for a given viewing distance is used) 
and field of view testing (does the item 
impinge on any display channel). An 
example of thit. data base tree tracing 
will illustrate this concept. 

Imagine a data base which consists 
of the entire continental United 
States. If the simulated eyepoint is 
positioned so as to be looking directly 
at the Evans fc Sutherland building in 
Salt lake City, Utah, then the image 
generate must trace through the data 
base tree for the whole United States 
and decide which surfaces, out of the 
billions possible, should be displayed 
to represent this scene. At the 
beginning of the tree processing the 
entire continental United States is 
represented by what is known as a cell. 
A cell is a volume in 3 space which has 
a high and i low level of detai 1 (LOD), 
i.e , * L '»plftx AHei a simp!« 
representation. Each representation may 
either be an object, which is output 
directly to the geometric processing 
function for eventual display, or a 
collection of cells. This collection of 
cells, called a mesh, form» another 
branch of the data base tree which is 
further processed by the image 
generator. Each cell also has <sn 
associated transi tion range, which tells 
the image generator whien LOD to 
process, depending on the ey^point's 
distance from that call. 

Since the simulated eyeprint is 
within the cell for the United States, 
the high LOD option is pursued and all 
processing on the low LOD stops. The 
high LOD for this united States' cell 
may consist of a mesh of 48 cells, where 
each cell represents a ötate. The 
culling tests are applied to these 48 
cells tc deteimine that only the cell 
for the state of Utah is within the 
specified transition range and needs 
further processing, while the other 47 
states need no longer b« considered. 
The ceil for Utah also has a low and a 
high level of detail with an associated 
transition range- The high LOU is 
processed further by the image generator 
since the eyepoif— is within the 
specified transition ra«ge« This high 
LOD is made up of several counties in 

the state, with each county being a 
cell, Again the culling tests on these 
cou.ity cells are applied to find that 
only Salt Lake County needs further 
processing. 

Each of the cities in Salt Lake 
County »nay be considered a cell with its 
own high and low level of detail. Since 
the eyepoint is in Salt Lake City, the 
high level of detail for the city is 
processed further while the lower levels 
of detail for some of the nearby cities 
may also be processed. The SaK Lake 
City cell may have several subcells for 
sections of the city, and aaain the 
culling tests would choose the East 
Bench area for processing at its high 
LOD, while other portions of the city 
might have their lower levels of detail 
represented depending on their distance 
from the eyepoint. Tracing through the 
data ,ase tree in this marner continues 
until the particular srene that is being 
observed is culled out of the rest of 
the features in the East Bench portion 
of the city. 

>.-.it   Lake  Citv 

v*na  & Sutherland Building 

Figure   1 
* Hierarchical   Data  base 
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In this manner the image generator 
has, with very few decisions, culled 
through the entire United States dsta 
base to determine exactly which surfaces 
need to be processed to display the 
desired buiidiuo 2nd nearby details. 
This type of hierarchical structure 
allows the CTbA hardware to trace 
through an extremely complex data base 
tree very rapidly and efficiently. 

The Cel1 Processor 

The cell processor is that portion 
of the image generator which traces 
throi-dh the data base tree, once every 
field, to determine which set of objects 
should be considered for further 
processing. Several features in the 
cell processor enhance its ability to 
perform this function. 

Pe rspect i_v e t^or_e sho rte n ing 
C£L£®£LL9.I1* When a primarily flat scene 
detail is viewed at a very shallow 
glancing angle, its effective screen 
subtense may be much less than its 
nominal perspective size based on range 
alone. This perspective foreshortening 
means that the displayed visual 
significance of the item will be 
general!) less, sometimes much less, 
than if it were always viewed 
straight-on. CT5A provides a method of 
accounting for the perspective 
foreshortening of items by correcting 
the computed transition range to delay 
introduction of an object iiuo the 
active scene to provide for equivalent 
visual impact at. the switch. This 
process helps avoid the compression of 
details at the horizon, and their 
attendant buildup, and further frees IG 
resources tor use on more visually 
significant scene details. 

Fade bevel Of Detai 1* Fade level 
of detail makes the transition between 
levels of detail smoother und less 
distracting to the observer. When this 
is used, the transition is done 
gradually. Using the transparency 
feature» the incoming object starts out 
transparent ana becomes more opaque, 
while the outgoing object starts out 
opaque and becomes more transparent. 
This gradual switching between levels of 
detail allows the transition to take 
place much closer to the observer 
without being distracting. 

l-°*d hanagemen* . The CIS A employs 
a hardwrsfe-based" load management scheme 
which t i*«?s advantage of the fact that 
small modifications in -0D transition 
ranges throughout a data base can have a 
Con*iü«r aLle effect in altering the 
image generator's system load, without 
having a significant ctfect on the 
visual seen*. The transition ranges on 
• ach cell in the data base are modified 
tc keep the image generator running at 
or below th* nominal time. Kadifications 
to th* transition ranges are done in 

real time and are small enough to reduce 
the system load when necessary without 
becoming visually apparent. Since the 
load management is an automatic process, 
the modeler does not need to be 
concerned about creating a data base 
that will never overload the system, he 
only needs to have a data base whose 
average complexity is within the 
system's limits. 

MODELING TECHNIQUES 

The characterization of what 
constitutes i useful image has always 
been a very difficult task. Many 
considerations must be taken into 
account which are highly dependent on 
the training task, the image generator's 
capabilities, and the subjective bias s 
of those using the system. There are, 
however, several objective measures that 
can aid in determining the usefulness of 
a data base. 

1. How many scene elements can be 
displayed in each channel, and in the 
aggregate channels? This number, which 
is hardware-depenaent, has typically 
been the measure of a CIG's capability, 
yet important issues arise about how 
those scene elements are used to provide 
cues. 

2. What is the density of scene 
elements or objects in the modeled 
environment? Th!- density cf object? in 
the scene indicates the frequency of 
cues and determines whether sufticie.it 
information can be presented to perform 
a particular tas*. Training tasks, such 
as nap of the earth helicopter flying, 
may require some type of ground object 
every 25 feet, while medium altitude 
flying might require one every 2kJfcjn 
feet. Some tactical missions require 
appropriate cues throughout a large 
altitude range, implying a capatilily to 
make a graceful transition to addit.onal 
detail at lower altitudes without 
exceeding the system's capacity at the 
higher altitudes. The user of a 
simulator mu;t determine the density of 
cues needed fc the task and then 
specify an image generator and modeled 
data base which can support that density. 

3. What is the average density of 
<cene elements or objects ir> the image 
plane? Because of scene compression 
near ^he horizon, a data base that has a 
unitozm distribution of objects in model 
space will not be uniformly distributed 
in the im^ge plane, but will tend to 
have increased density with distance 
from the eye. This tends to •crowd" the 
objects in a very narrow band near the 
horizon, at the expense of sparser 
detail closer to the observer. Methods 
that can create a nearly constant 
density of objects in the image plane 
will allow much more visually effective 
use of scene detail. 
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4. Are objects provided at various 
oizes so that cues are available at 
several ranges from the eye? The eye 
has a tendency to ignore visual cues 
from objects which are either too large 
or too small. Whatever the actual size 
of an object, there is a range of 
distances in which the object will have 
the proper perspective size to be of 
visual significance, and outside of 
which the object will oe increasingly 
ignored. This implies that the data 
base must provde cues which are of 
various sizes so that those objects, 
which are larger and spaced less 
frequently, are mixed in with small 
items which are spaced closer together. 
This provides a fairly constant spatial 
frequency of cues for the participant in 
a visual simulation. 

Several modeling techniques have 
been developed to increase the effective 
scene content of a data base based on 
the criteria set forth above. These 
methods can provic.3 ways of analytically 
designing and then producing a data base 
.vhich will satisfy a broad range of 
training tasks. 

Level Of Detail 

The modeler uses a level of detail 
strategy to create several 
representations of an object, eac.n with 
a different number of scene elements. 
For example, an airplane might have 
three levels of detail, i.e., three 
representations, one with 440 sirtcces 
for the highest detail, arother with 14k) 
surfaces, and the lowest detail may only 
be 32 surfaces. The image generator 
chooses which representation to display 
based on the distance from the eyepoint 
to the airplane. In creating the data 
base, the modeler specifies th*;t the 
airplane will first appear as the lowest 
level of detail at 3.25 nm., then be 
replaced by tb« middle level of detail 
at 0.5 nm., and the highest detail 
representation will be shown at 0.1 nm. 

The moJeler tries to specify 
transitions to take place as clcse as 
possible without making the replacement 
distracting, ano thus saves the image 
generator as much pi essing as 
possiole. The distance at which the 
transition takes place is based on sucn 
criteria as: 1; the perspective size of 
the object, 2) the relativ« contrast 
between the object and its backe round, 
3) the shape of the object's silhouette, 
and 4) the „elative geometric 
differences between the levels of detail 
which are switching. fay using simpler 
representations tor objects at greater 
distances, the image generator has 
greater capacity to display more 
objects, thus increasing the number of 
visual cues that can be displayed. 

The level of detail strategy 

applies not only to indivioual objects 

but also to every cell in the data 
base. bach cell in the data base has a 
low and a high option pointer which ca;, 
be considered the low and ninh levels of 
detail for that ceil. This ^lowc an 
entire region to have a low and a n^n 
detail representation, as well as each 
portion of the region. The real Dower of 
the strategy comes from the hierarchical 
nature of the cell. By creating a 
hierarchy of cells, the modeler can 
create a tree with a high and low level 
of detail, then a groi'p of trees with a 
high and low level, then a forest with a 
high and low option, and even an entire 
large section of forested terrain with 
Doth options. 

An example of this can be seen in 
Figure 6. Represented in the desert 
scene are six levels of detail. The 
first level of detail consists of the 
basic desert floor with a few mesas. 
Nearer to the eye, buttes are added to 
form the second level of detail and 
complete the large objects. The third 
level of detail is formed by adding sand 
dunes around the mesas anc buttes. 
These dur.es are added to the scene 21 a 
distance which makes their silhouette 
visually significant. The fourth level 
of detail is to add the cacti on and 
around the dune.c and buttes. The fifth 
level of detail adds the bushes to the 
scene. Rocks and pebbles make up the 
sixth level- Tf.'~ six level-cf-deta11 
desig- of the desert applies the 
level-of-detai 1 ideas to the desert as a 
whole, as well as to each palette item 
in the desert, and makes the scene very 
detailed near the eye but fairly simple 
far away where the sr.,all items are not 
i mportant. 

E ade Level Of Detai1 

With the hardware face 
level-of-detai1 capability, the modeler 
has greater leverage in specifying the 
transitions between representations of 
an object, Previius strategies for 
level of detail switching required a 
sudden replacement of one representation 
for another. This required the switch to 
tc-.ke place when the perspective sizes of 
the objects, or their relative 
differences, were sufficiently small so 
as not to be distracting to the 
observer. This was typically at a much 
greater distance than that at which the 
resulting details were useful. Thus a 
significant amount of detail had to be 
processed, not oecause it was useful but 
solely to help keep its introduction 
from becoming objectionable. 

If fade level of detail has 
selected  by  the  modeler   ^or 
transition  between  an  object's 
levels  of detail  (LOD),  then at 
specified    transition    range 
replacement  LOD  is  brought  into 

Deen 
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two 
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active scene as a ti ansparen" object. 

As the distance from the eyepoint to the 
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object changes the replacement t.OD 
gradually becomes more opaque while the 
replaced LOD becomes more transparent. 
When the replacement LOD is fully opaque 
Luc repiaceu LCD is completely 
transparent and is removed from the 
active scene. 

Fade level of detail makes the 
changes between objects more subtle and 
consequently less distracting to the 
observer, and thus allows the 
transitions to take place closer to the 
observer. The subtlety also enables the 
use of fewer levels of detail, with 
greater geometric differences between 
levels, yet still without distraction at 
transition. Fifty percent reductions in 
the transition range are not unusual. 
This means that simpler representations 
art more often displayed, which 
conserves system resources and allows 
more ob]ects to be displayed. 

Level. Of Seale 

A visually effective data base must 
provide a selection of visual rues of 
ditfering sizes and spacing. Each 
particular visual cue has a range over 
which it contributes significantly to 
the image; beyond this range its 
decreasing size makes it less and less 
valuable, and the modeling strategy 
should remove it from the scene when its 
value drops below some threshold. To 
extend the scene richness beyond this 
range, other visual cues are needed 
which are substantially larger (hence 
continue to have visual significance at 
the further langes), and are spaced 
farther apart. Several additional leves 
of scale may oe provided, each with a 
particular range over which it 
contributes significance, until a 
continuity of detail to the maximum 
required range i^ achieved. The largest 
levels of scale, which are introduced 
into the scene at the longest ranges, 
are not removed from the scene as the 
ooserver gets close to them, but their 
greater spacing keeps theii 
contributions from overloading the image 
generator. Eich level of scale can be 
lesigned to requiL ■ a percentage of the 
overall image generator resource, and 
then several levels added together to 
achieve the required depth of sc^ne 
without image generator overolad. The 
desert shown in Figure 6 uses six such 
levels of scale, and achieves scene 
richness from ve.-y ne3r the observer out 
to ten miles. The apparent scene 
density remains high ovei a wide range 
of flight altitudes, and the emergence 
of the smaller levels of scale provides 
valuable velocity, altitude and 
time-to-impact cues. 

Computational Methods 

»Manning and executing the design 
of a data base to accomplish specific 
objectives within given image generatot 

constraints has traditionally been a 
difficult and iterative task. The next 
few sections of this paper indicate how 
such planning and estimating can be 
successfully accomplished during the 
design phase, and how the data base 
structure makes ii feasible to 
modularize the modeling process. In 
performing these computations, severa"1 

approximations are made concerning the 
data base and fhe methods used in 
deriving the results. The data bases 
used in these examples are assumea to be 
sufficiently flat that the surface area 
of the terrain can be approximated by a 
plane and planar area formulas can be 
used. When the area under consideration 
extends from the eyepo:'nt out to ..i 
particular distance,, the area will be 
computed as a sector of a circle. If 
the area under consideration is bounded 
by two nonzero distances from the 
eyepoint, then the area will be computed 
as a sector of an annulus. The average 
ground area per object is computed as 
the total area covered by the objects 
divided by the numoer of objects in that 
area. The average spacing between 
objects is simply the squaie root of the 
average ground area per object. 

The hierarchical nature of the data 
base tree allows the modeler to 
construct the data base in modules which 
can then be concatenated to form the 
whole data base. The impact of each 
module on the image generator's capacity 
can be computed independently from the 
other modules in the data base. As the 
modules are joined to form larger 
nodules, the result on system, load is 
•dditive. This allows the modeler to 
start with the specifications for a data 
base and systematically oudoet the image 
generator's  resources  among  various 
.yoes of detail to produce the desired 
data base. 

The arithmetic used in deriving the 
results of the next few sections is 
simple and straightforward. Sufficient 
information is provided so the reader 
can verify thp numbers if desired. 

Scene Llemenu Densi ties In Model Space 

Computing scene element densities 
gives an indication of the number of 
visual cues presented in a scens as well 
as their average spacing. If the data 
base is assumed to lie essentially in 
the ground plane, then scene element 
density means the number of scene 
elements per square unit when the 
highest level of detail for objects in 
the area is presented, e.g., surfaces 
per square nautical mile (sqnm). This 
is usually computed as: 

No. of objects  No. of surfaces 
Dens ity= ■ * ~» 

sqnm object 

i? 
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Because of the limited capability 
of an image generate! to display scene 
elements, the allowable density of 
objects in a data base is constrained b\' 
tht total ""rbe: ~f Z-??r-      -  I. «...I— «M.I. 
can be processed and the simulator's 
field of view. In the following 
examples the visual system is assumed to 
have a 120-degree horizontal field of 
View. 

The above relationship gives the 
modeler four parameters which can be 
adjusted to meet the needs of the 
simulation problem: number ul objects, 
the area which is covered by the highest 
level oi detail of these objects, the 
number of surfaces per object, and the 
density. Any three oü them necessarily 
detine the fourth. 

Typically a modeler will be faced 
with a problem where one or more if ehe 
parameters will be specified for hlfe and 
he must create the data base to fulfill 
those specifications. A problem a 
modeler might encounter is to create a 
forest which uses an average of 1500 
surfaces for the trees within the field 
of view. The t;ext task the modeler 
would do is to design a tree or several 
types of trees which he would like to 
put in the forest. The modeler can make 
a tree which uses anywhere from several 
hundred surfaces to a simple three-sidtd 
pyramid in its highest LGD; the choice 
is based on the visual requirements fot 
the simulation exercise. Some 
situations, such as nap of the earth 
helicopter flying, may require very 
detailed trees, while other applications 
for higher altitudes may be satisfied by 
simpler representations. The 
specifications for the data base should 
indicate the types of visual cues 
required. Suppose that in this example 
the forest will be flown over at a high 
velocity and only fairly simple 
representations for the trees «ire needed 
to give height and velocity cues. Based 
on this criteria the modeler creates a 
tree which has 10 surfaces. After some 
experimentation the modeler finds that 
if the tree is added to the active scene 
at a range of 5 nm. , then the audition 
of the tree is not distracting to the 
observer. 

The modeler has now specified all 
of the parameters in the density 
relationship, The area in a 120-degree 
field of view sector of a 5 nm radius 
circle is 26.2 sqnm with 1509 surfaces 
desired. This implies a density of 57 
surfaces per sqnm or 6 trees per sqnm. 
This density means that the average 
ground area per tree is 6.44 million 
sqft. or an average spacing of 2,580 
feet between trees. The modeler can 
then cieate his data base so that the 
placement of trees in rht. forest is an 
average of every 2,500 ft. 

By using fade level of detail, the 

transition range at which the tree is 
added to the active scene can be 
decreased considerably. If in the above 
example the transition range were to be 
,'i' ~r-" nr<*^ to 1-5 nm., then the resultant 
torest would have an average surface 
der.sity of 637 surfaces per sqnm. or 64 
trees per sqnm. with the average spacing 
between trees being 762 ft. The 
tremendous leverage that is gained by 
decreasing the transition range is due 
to the fact that the total area 
displayed at a given LOD decreases 
proportionately to the square of tne 
transition range. 

Using multiple levels of detail 
also gives the modeler tremend^js 
leverage, since representations 
requiring fewer surfaces car be used for 
Lhe sections of the field of view which 
may Cover large areas. .Suppose the 
modeler finds that he can create a lower 
level of detail for the tree which uses 
only 3 surfaces. The modeler also 
changes the transition ranges so the low 
level of detail comes in at 1.5 nm. and 
the high level of detail comes in at 
0.25 nm. Using these parameters, the 
modeler computes that his forest can now 
have a surface density of 1.-992 surfaces 
per sqp.m. or 199 trees per sqnm. with an 
average spacing between trees of 430 ft. 

Table 1 summarizes the results of 
these three examples and shows the 
tremendous increases in surface 
densities realized when using multiple 
levels of detail and the fade level of 
letail option. 

Tree 
Configurat ion 

Average 
Spacing 
between 
trees(ft) 

Polygon 
Density 
'surfaces 
/sqnm) 

Tree 
Density 
(trees 
/sqnm) 

1 level of 
detail, 5 nm. 
transition 

2,500 57 6 

1 level of 
detail 1.5 nm 
transition 

762 637 64 

2 levels of 
detail, 1.5 
and 0.25 nm 
transi tions 

430 1,992 199 

Table 1 
Forest Tree Surface Densities 

Image Plane Scene Element Dergjties 

If the density of objects in model 
space is constant, as in the examples 
above, the density of objects in the 
image plane will increase with the 
distance from the eye. This is simply 
becaus»; the area in a given section of 
the  image plane  increases  with  that 

is 

■ -" MimiflTiw £fe 



section's distance from the observer. 
This tends to concentrate the objects in 
a scene close to the horizon and leave 
fewer objects close to the eye. To 
efficiently use the displayed objects 
for visual cues, the observer would like 
to have the density of objects remain 
constant in the image plane so that the 
number of objects close to the horizon 
is nearly the same as it is close to the 
eye. This implies that the density cf 
objects in model space must decrease 
rapidly with distance from the eye. 

When computing the image plane 
density the mcdeler needs to know the 
vertical field of view configuration for 
a simulator. Figure 2 shows a possible 
configuration. 
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Figure 2 
Vertical Fiel;5 Of View Configuration 

To achieve near constant image 
plane density, the modeler can employ 
some of the level of scale concepts and 
add smaller objects close to the eye at 
a greater density to provide more visual 
cues. Continuing with the example above 
of the forest, the modeler may wish to 
add bushes to the foreground half of the 
image plane section covered by trees, 
i.e., the section covered by angle A in 
Figure 2. Suppose that the modeler has 
created a bush which haj a transition 
range to be brought into the active 
scene of 0.21 nm. The modeler tnen needs 
to compete the necessary density of 
bushes to have the same image plane 
density in the area with trees and 
bushes as in the area with trees only. 

The density cf trees in the 
120-decree horizontal field of view was 
previously computed to be 199 trees per 
sqnm. The area covered Dy the annulus 
defined by angle B in Figure 2 is 4.1 
sqnm., hence 82S trees ar» in that 
section of the field of view. The 
region defined by angle A in Figure 2 
has an area of 0.04 sqnm. To achieve 
the seme density of objects in the 
3ec*:ion of the image plane covered by 
angle A, there must also be 625 
objects. In the region covered by angle 
A there are presently 7 trees, which 
means that the modelet needs "o add 818 
bushes to achieve the desired object 
density in the image plane. 818 bushes 

spread out over the area covered by 
angle A would be achieved by placing a 
bush on the average of every 40 ft. 

With the addition of the bushes to 
the foreground, the modeler has achieved 
either a bush or a tree approximately 
every 40 ft. as compared to th 430 ft. 
with only the trees. If the modeler 
user, 4 surfaces for the bush, then he 
will have achieved a surface density in 
the forest of approximately 93,673 
surfaces per sqnm. 

The 93,673 surface density 
represents the total number of surfaces 
which comprise all of the bushes and 
trees when their highest level of detail 
is presented. Since the trees have a 
lower level of detail and not all the 
surfaces in the bushes and trees are 
front-faced, only about 4000 surfaces 
are actually displayed. 

Another technique for achieving a 
near constant image plane density is to 
have the same type of objects brought in 
to the active scene at varying 
distances. In the forest example the 
modeler may choose not to use bushes, 
but rather have the trees brought into 
the scjne at several transition ranges. 
He may have trees coming in at 2 nm. , 1 
nm. , and 0.5 nm., each with increasing 
densities in model space as the distance 
from the eye decreases. 

By trying to achieve a constant 
image plane density, the modeler can 
create a data base which has an 
abundance of three-dimensional cues near 
the eye where they are useful instead of 
concentrating them on the horizon. These 
examples, although simplified, show the 
basic principles. In practice the 
modeler can calculate the densities of 
several sections of the screen and use 
several different types of cDJtCt- to 
achieve the desired densities. 

Automated Generation Procedures 

In the creation of high density 
data bases, the modele«' is faced with 
the problem of how to create the large 
number of objects necessary. In the 
?bove example of the forest with bushes, 
if the modeler were to create each 
individual bush and tree in a 50 nm. x 
50 nm. square of foreit he would have to 
make about 57 million rushes and 500,000 
trees. The need for automated creation 
of cbjects is clearly evident. It is 
also evident that the image generator 
must be able to reuse portions of the 
data base since it cannot hope to store 
the number of surfaces required for each 
individual tree and bush. 

The modeling system used to create 
CT5A models h«s a procedural capability, 
which gives the modeler ttewendous 
leverage in creating large numbers of 
similar objects.  These procedures are 
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somewhat similar to FORTRAN subroutines 
which have input parameters and 
particular outputs. A procedure which 
makes a tree can have input parameters 
of position, scale, rotation, and 
transition ranges between levels of 
detail. Once the procedure is written, 
it can be called many times with 
variations to the input parameters to 
create a large group of trees. After 
this group of trees has been made, it 
can be duplicated and used in many 
locations to create a whole forest. 

The creation of terrain over large 
geographical areas is greatly aided by 
the use of procedures. Procedures can 
be written to create mountainous areas, 
hills, farm land, forests, swamps, 
oceans, and the like. If the modeler is 
constrained to create a section of 
terrain to a certain level of 
specificity he may do so and then 
continue the enhancement of the terrain 
by the use of procedures. A mcdeier may 
specify where the major peaksf valleys, 
and ridges are in a mountainous section 
and then let the procedures embellish 
the basir structure with smaller hills, 
minor peaks, and vegetation. 

Procedures defined in the modeling 
system may, of course, call other 
procedures. This capability gives even 
more leverage to the modeler. A 
procedure may be written to do a runway 
by calling other procedures to do 
VASI's, runway lights, strobes, stripes, 
numbers, oil marks, tire marks, and 
expansion joint cracks. In this manner 
c modeler may build an entire runway in 
only a few minutes by specifying such 
things as runway heading, length, and 
type. 

The larg? number of surfaces, which 
must be stored and processed in a high 
density data base, also requires the 
image generator to be able tc reuse 
portions of the data base. The CTSA has 
an instancing capability which allows 
portions oT~ a data base to be stored in 
memory once, but used many times bv 
relocation within the data base. The 
modeler uses this instancing capability 
by creating a mesh for a particular 
portion of the data base and then 
indicating that copies of this mesh 
should be placed at various locations in 
the visual environment. The original 
mesh is placed in the image generator's 
visual environment memory and then all 
copies access the same information fiom 
memory and apply a modeler-specified 
translation to position the mesh where 
desi red. 

entire forest. This small section of 
forest could be used in the data base as 
needed. In this manner the modeler only 
has to mode1 a small section of the data 
base to get effectively large sections, 
while freeing the image generator's 
memory to hold more information 
concerning otner [-jrtions of the visual 
envi ronment. 

EXAMPLES 

This section shows several examples 
of data bases which have been created to 
demonstrate the modeling strategies 
discussed above. These data bases are 
all designed to run on a six-channel 
CT5A with a 120-degree horizontal field 
of view and to stay within the system's 
nominal capacity. 

Figure 3: Hilly forest — This 
hilly forest employs a single 
seven-surface object for the trees, 
using fade level of detail for the 
transition from null to a single tree. 
The trees are brought into the scene at 
distances ranging from 1.5 nm. to 0.5 
nm. to maintain a constant image plane 
density. No level of scale concepts are 
employed, hence the lack of cues for 
higher altitudes or for below tree top 
flying. The spacing between the trees 
is approximately 191 ft., creating a 
surface density of approximately 7,000 
surfaces per sqnm. 

Figure 4: Flat Forest -- The flat 
forest employs two levels of detail for 
the trees and employs fade level of 
detail for the transitions. Constant 
image plane density is achieved by 
varying the distance at which the trees 
are brought into the scene. The trees 
and the abstract ground patterns create 
two levels of scale and enable flight 
below tree top level. The surface 
density achieved here is approximately 
130,000 surfaces per sqnm. with a 
spacing between the trees o£ 
approximately 50 ftet. 

Figure 5: Ocean and Clouds 
Textural features like ocean waves and 
clouds are possible using several levels 
of detail and several levels of scale on 
the color patterns. The procedures used 
in creating the ocean and clouds are 
similar and required the modeler to 
specify only 28 surfaces for the 
patterns. The ocean and clouds have 
been designed to use only 341 of the 
system channel capacity, thus reserving 
sufficient capacity for ships and 
aircraft. 

When creatir.g the forest, the 
modeler may create a group of 57b bushes 
and 5 trees as a mesh. Using the 
instancing capability, the modeler may 
then place this group of bushes and 
trees at various locations to create 

portions of the forest or perhaps the 

Figure 6: Desert — The desert 
represents the most thorough application 
of the modeling techniques. Six levels 
of scale are used to create a nearly 
constant image plane density and to 
support flight at a broad range of 
altitudes.  Each item in the desert is 
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modeled at 2 to 4 levels of detail, 
using fade level of detail for the 
transitions. The surface density 
achieved is approximately 87,000 
surfaces per sqnm. over 100 sqnm. and 
yet, using the procedural capabilities, 
the modeler only had to model 
approximately 400 surfaces. Using the 
hardware instancing, ehe entire desert 
requires only 4000 suifaces in the image 
generator's memory. 

CONCLUSIONS 

An effective combination of the 
CT5A hardware capabilities and modeling 
strategies enables the modeler to create 
and display data bases which greatly 
increase the usefulness of the CIG 
image. The image generator's ability to 
process large amounts of information, 
and make a multitude of decisions 
concerning such things as level of 
detail, load management, perspective 
foreshortening correction, and data base 
culling in real time, enables the 
modeling strategies to be employed. 

It is our belief that by applying 
these modeling techniques, along with 
the necessary hardware support, visual 
data bases can be created which will 
support nap of the earth, contour 
flying, vertical takeoff and landing, 
and a host of other applications. 

M. 
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ABSTRACT 

Constructing a scene data base for current computer image generation systems is a 
costly and time-consuning task. Thousands of edges must be defined by positioning the end 
points, or vertices, of each edge. In addition, edges bounding a common surface or face 
must be linked in a list. Data for each face must include information for a normal vector, 
and data for faces representing curved objects must include information for normal interpol- 
ation to simulate smooth shading across the object. This paper describes a more efficient 
scene model that is easier to construct and yet produces a more faithful representation of 
the real world. Scene geometry is modeled by quadric surfaces bounded by planes. Scene 
detail is modeled by a mathematical texturing function which modulates surface shading 
intensity and translucence. The paper describes how the new model simplifies modeling 
terrain, cultural features, moving targets, and special effects. 

INTRODUCTION 

The problem of constructing a computer model 
representing the complexity of a real-world scene 
and allowinq real-time image generation is a 
formidable one. Two decades ago, computer image 
generation (CIG) pioneers attacked this problem by 
applying a time-honored engineering axiom: "be wise 
- linearize." The linear scene mouc" that they 
produced was defined by efficiency of image 
,omputation rather than by efficiency of 
modeling. Over the past 20 ye.^s, impressive 
developments in CIG techniques based on this model 
have reinforced its use. Over the same period of 
time, however, the sophistication and complexity of 
traininq missions have created new demands on CIG 
technology. Ironically, it is the past successes 
of CIG that hav-.' enabled training to move forward 
to the point where it can make these demands. 

Current training requirements call for the 
capability to model extensive qaming areas and to 
represent scene detail with enough fidelity to 
support nap-of-the-earth (NOE) flight and ground 
based operations. The asymptotic progress of edge 
CIG technology indicates that these regui rement:. 
can be satisfied inly by a new, more efficient 
approach to scene modeling. 

A NEW SCENE MOOtL 

In developing a new scene model, Grumman 
studied the problem from the top down, choosing the 
most efficient data base ti represent the full 
range of scene features needed for today's 
traininq. These features include terrain, 
vegetation, cultural features, moving targets, 
clouds, snoke, and weapons effects. We determined 
that the most significant limitations in edge 
technology for modeling these features were due to 
its inability to model surface curvature and 
textural detail efficiently. We therefore focused 
our scene rudel development on devising efficient 
representation of these two features. 

Surface Curvature 

Quadric surfaces are matnemackal ly the 
simplest fom of curved surface and   can represent 

individual scene features as individual volumes. 
This allows modeling many scene features, such as a 
b'jsh or a roulder, by a single ellipsoid. Modeling 
such features in this way is much simpler than 
using edges because very few parameters are 
reguired to define a quadric surface, and these 
parameters relate directly to the shape ard 
position of the feature being modeled. 

Many scene features can not be represented by 
a sinqle quadric surface alone. T^ allow more 
flexibility in our scene model, w* include the 
capability to bound a quaHric surf'.e with planar 
surfaces'1'. This allows us to model a wide 
variety of curved and linear scene features in a 
very simple manner. For example, ve can model an 
aerodynamic surface using a thin elliptical cone 
bounded by two planes. A qun barrel or tree trunk 
can be modeled by a cylinder bounded by two 
planes. We organize our data base as a set of such 
qeometrical ly defined "objects/' with each object 
defined by one quadric surface and up to six 
bounding planes. Complex scene features, such as 
targets, are modeled by nultiple objects. A glance 
at Fig. 1 will show how this pa-ametric approach 

ID) QU*ORIC SURFACE MOlJSi. ia» E DGE MODE t 
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Fig. 1  Compornon of Two Tr«* Mod«i» 
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simplifies scene modeling compa ed to edqe 
modelinq. Usinq edges, the foliage for a sinqle 
tree would require the positioning of many 
vertices, with lists linking vertices, edges, and 
faces. iJsinq quadric surfaces, we need specify 
only three dimension parameters, three rotation 
anqles, and three position coordinates for an 
ellipsoid, in addition to three rotation anqles and 
three position coordinates for a bounding plane. 
The tree trunk can be modeled similarly by a 
cylinder and two boundinq planes. Thus, the 
modeler will be required to define fewer data 
values, and these values will ha>'e a direct 
relation to the geometry of scene features he is 
model inq. 

The siqnificance of this simplification lies 
in the fact that any realistic, scene will contain 
hundreds or even thousands of such features. 
Automated as well as manual scene modelinq will 
benefit from this simplification since less data is 
involved, and the parametric nature of the data 
base allows straightforward definition of shape, 
size, and position. 

Textural Detail 

Most of the visual detail in real world scenes 
is due to minor topoqraphical variations that would 
be very costly to model with a geometric data 
base. Such detail can be efficiently modeled usinq 
texture patterns mapped to the appropriate 
qeometric surfaces. In studying various approaches 
to texturinq, we developed a mathematical function 
that modulates surface shadinq intensity as the 
imaqe is qenerated^'. The texture function maps 
the pattern directly to scene surfaces with true 
perspective validity because its independent 
variables are the scene coordinates. This approach 
produces a very compact data base because only 25 
function parameters define complex patterns 
covering larqe scene areas. In addition, many 
scene features can be textured usinq the same set 
of parameters. Because the pattern depends on the 
scene coordinates, each feature will look different 
fr^m all the others. In this way we can model an 
unlimited number of individual trees or hills usinq 
a sinqle set of texturing function parameters. 
Because the function parameters can be related to 
the spectral content of the texture pattern, 
modeling can be based on Fourier analyses of images 
of real-world features. Thus, the texture function 
has the potential for automated modeling. 

One of the qreatest advantaqes of the 
texturinq function technique is the ability to 
control the function parameters on-line during 
image qeneration. This permits eliminating any 
hiqh-frequency content of the pattern that would 
cause aliasinq. Related to this feature is the 
ability to vary the detail of the pattern as a 
function of range. This provides a very efficient 
means of varying level-of-detai 1 (LOD) without 
chanqing the geometric data base. Control of the 
function paranpters also allows us to vary 
translucence across ehe surface of an object to 
enhance the mode!inq capability by simulating 
irregular boundaries and holes. Finally, by 
varying the parar-eters dynamically, we can simulate 
motion, such as tn»e leaf agitation and smoke 
risinq. 

In summary, the texture function simplifies 
modelinq of scene detail by employing a   minimal 

data base that can be related directly to the 
visual characteristics of specific real-world 
features. In addition, the texture function allows 
an efficient means of modeling irregular features, 
such as trees, clouds, and smoke, with dynamic 
capabi1itv. 

SCENE MODELING WITH TEXTURED, QUADRIC SURFACES 

Although quadric surfaces have been recognized 
as potentially useful for modeling a lifted set of 
cultural features' ', they have generally been 
considered too simple to model the wide range of 
features required for combat training' '. We have 
found that the limitations of quadric surfaces are 
qreatly minimized by the addition of texturing, and 
that the combination of quadric surfaces and 
texturinq provides an efficient data base for 
modelinq the full ranqe of features required for 
traininq, includinq cultural features, terrain, and 
special features. 

Cultural Features 

Many cultural features can be modeled by a 
sinqle bounded quadric surface. Cylinders can be 
used for oil tanks and poles; spheres can be used 
fo fuel tanks, lights of finite size, and radar 
domes. More complex cultural features can be 
modeled by sets of objects each consisting of a 
bounded quadric surface. Thus we can use a single 
object to mode! a w.nq, a canopy, an enqine pod, a 
refuelinq boom, a tank turret, a gun barrel, a 
smoke stack, a wheel, or even a helicopter rotor 
disk. Complicated curved bodies, such as an 
aircraft fuselage, can be either approximated by a 
single object or modeled more accurately by 
multiple objects. In the latter case, care must be 
taken to fit abutting objects without noticeable 
surface discontinuities. The simplicity of the 
mathematics of quadric surfaces provides the 
potential for automated modeling aids to alleviate 
this problem. The simplicity of modelinq cultural 
features typical of traininq scenes is demonstrated 
in Fi q. 2, which shows how a tank can be modeled 

Fig. 2 Tank Mod»l Compmaad of Fiw BoundH Quadric Surfaea 
Obfact» 
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efficiently with only five objects.  Figure 3 shows 
a high LOD version of the tank usinq 51 objects. 

11 99-00 tD 

Fig. 3 High Level-of Detail Tank Model Composed of 51 Objects 

Because eacn of our objects can include up to 
six bounding planes, they can be used to node I 
linear, as well as curved, cultural features. To 
model complex linear features such as factories, we 
developed a program called "BLOCK," which creates 
buildinqs of arbitrary complexity using simple 
linear objects as building blocks. The buillinq 
blocks are rectangular solids simply defined ny 
three position an-A  three dimension parameters. 

Our text'ire function can be used to add detail 
to a cul:ural feature model. Tnis detail can be 
linear, as in stripes on buildinq walls, or non- 
linear, as in camouflage markings on targets. 

An important consideration in modeling large 
gaming are^s is implementation of the Defense 
Mapping Agency (DMA) cultural fata information. 
Because this information defines features in 
generic terms only, it will be necessary to 
construct a library of generic cultural features 
which can be accessed, scaled, and positioned in 
the scene in accordance with the DMA data. The 
efficiency of cur object modeling will facilitate 
the construction of such a library, and the 
parametric nature of the modeling will simplify 
scaling and positioning the features, 

fer rain 

The task of modeling arbitrary terrain has 
generally been approached by treating an extensive 
reqion as a sinqle, complicated surface that can be 
approximated by a large number of planar patches. 
Because a linear model is so inefficient tor 
modeling complex curved surface^, an unacceptable 
number of edges would be required for a realistic 
representation As a result, real-tir^ edge 
svstems rust limit the edqe allocation and produce 
primitive terrain imaaes dominated by sharp linear 
boundaries. 

A more e.f'icient y-i effective way to model 
terrain is to represent it as the eye perceives it, 
as a set of individual topoqraphical features, such 
as hi Us, mountain peaks, and ridges. Quadric 
surfaces lend themselves to this approach because 
each major feature can be nodeied by a sinqle 
curved surface free of linear artifacts.   The 

quadric surface can be defined by 10 parameters 
specifying its ^hape ana orientation in the 
scene. Although isolated quadric surface objects 
can be used to model some terrain features, in 
general, clusters of abutting objects \r. 11 be 
required to provide a satisfactory representation 
of arbitrary terrain. This requires determining 
appropriate bounding planes to provide continuity 
between adjacent quadric surfaces. Figure 4 shows 
schematically how single or multiple quadric 
surface objects can be used to model terrain 
features. 

GROUND PLANt 

CLATt. D OBJtCT 

BOUND'NG PLAM. 
\ 

BOUNDING PLANt 

HOHUONTAILY ABUTTING OBJECTS 

BOUNDING PLANbS 

Fig. 4  Examples of Terrain Features Modeled by Single and Multiple 
Bounded Ouadric Surface Ob|ect» 

Modeling the significant terrain features with 
quadric surfaces will produce a very compact data 
base free of linear artifacts, but w111 not by 
itself provide enough scene content for training. 
Our texturing function will produce the textural 
detail re<njired to model the secondary topographi- 
cal let a i1 common in real-world terrain. A single 
texture pattern, defined by one set of texture 
function parameters, can be used to texture all 
surfaces, including the ground plane, within a 
1efine1 reninn of arbitrary size. This provides a 
great 1ea! of scene content with a minima! data 
base. !n addition, the texturing enhances th> 
appearjnce of surface continuity in the scene. 
Because **f> model maior terrain featir*s 
individually, we can also assign different texture 
patterns to different features. This will allow us 
to represent grass-covered hills, rocky mountains, 
ani  forest areas in the scene. 

To satisfy the requirements ot training 
missions involvinq low-level flight and ground- 
based operations, we rust be ab^e ;o nodel ground 
features, such as tree* and rocks, with a 'air 
amount of realism. Trees have been a particular 
stumbling block in edge modeling because edges 
define features n a very explicit manner. Thus, 
hundreds or even thousands of edges would be 
required tj represent the complexity of a tree's 
foliage. Using quadric surfaces, we can model a 
tree with ore or two textured objects. The 
parametric control inherent in vur tettunng 
function provides the irregular surface and 
boundary detail necessary to present the essence 
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of tree foliaqe without explicitly modeling each 
branch and leaf. An added advantage to this 
approach is the fact that the texture intensity is 
added t-o the quadric surface shading intensity. As 

a result, the overall shading of the model is 
representative of the illumination source, with 
"leaves" on the underside darker than those on 
too. In a similar manner, rocks and boulders can 
be modeled accurately by a single textured quadric 
surface for each. 

To take advantage of quadric surface modelinq 
of terrain features, we developed a computer 
proqram called "CNGEN" which qenerates clusters of 
hills, trees, and rocks. CNGEN operates on a very 
compact list of feature clusters. The data for 
each cluster include: 

(1) 

(2) 

coordinates 
rectanqular 
plane and a 
individual 
reqion, 

and dimensions of a 
reqion on the scene ground 
qr.d spacinq for positioning 
cluster  features  in  the 

(4) 

shape, and relative position parameters 
for template objects representing a 
typical cluster feature, 

an index to a list of texture function 
parameter sets, 

a set of three color parameters (RGB), 
and 

(5) a trjnslucence value. 

For each cluster in the list, CNGEN adds pseudo- 
random increfients to the grid position, color, and 
shape parameters of each individual feature am' 
stores the features in a scene data base list. 
CHGCN qreacly simplifies creating a terrain model 
of a larqe qaminq area, and editinq 'he ~cene is 
facilitated by the capability to chanqe the 
position, extent, or character of a iaroe number of 
objects at cnce. Different texture patterns or 
colors can be specified as well as different shapes 
and -.2es for cluster features. Because of the 
efficiency of quadric surface node'iinq, the 
computation involved in CNGEN is minimal, 
suqqesting the feasib*lity of on-line scene 
generation. 

Tne simplicity and effectiveness of textured 
quadric surface modeling are demonstrated in Fig. S 

and 6. Figure 5 shows a terrain scene composed of 
quadric surfaces without texturing. Fiqure 6 shows 
the same scene with textjrinq. This model was 
qenerated by CNGEN from a list of 18 feature 
clusters defined by i total of 400 data values. 
The texture parameter file included data for seven 
texture patterns defined by a total of 175 data 
values. The final model included 173 objects, many 
of which are not visible in the imaqe. We 
generated a dynamic sequence of NOE flight through 
this scene wnich confirmed the perspective validity 
of the modeling approach and demonstrated excellent 
flying cues produced by the high scene content. 

Fig. S   Terrain Scan« Com^qmö *f 173 Bounded Ouadrtc Surface 
Ootects Wi*t»ow< Teature 

Fig. 6 Terran Scene Composed of 173 Bounded Quadric Surf»« 
Objects with Scene Detail Produced by Texturing Function 

To provide full terrain modeling capability 
for today's training requirements, wc «ill N\? to 
use t*e P*A elevation data as a primary source. We 
have performed preliminary research in this area 
and have developed an approach to modeling the DMA 
data with te-stured quadric surfaces. This approach 
includes the followinq steps: 

(1) Determine flu jar tts rain feature* by low 
oass digital filtering of the DHA 
elevation data. 

(?) Isolate «.for features in the filtered 
data using digital imaqe processing anü 
pattern recognition techniques, 

(3) Fit a single quadric surface to the 
oi ieir.al DMA data corresponding to eaz* 
itiiated major feature. 

(4) Determine appropriate bounding planes for 
each feature to R4*ini*e continuity 
between adjoining su>'(Vtti. 

(5) Detsrmine appropriate texture function 
parameters by foyritr ana'ysi« of the 
orig'nai OHA data. 

Under a Hatiooa' Science Foundation (NSF) nran! we 
investigated the feasibility of our approach b- 
fseans of a two*di«ensio«a* analysis in HMC* we 
filtered profiles of actual digitized eltvHio*. 
data, isolated peaks, and fit conic irttinn 
curves''-.  The success of %*\\\   work provides a 
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firm basis for extension of the techniques to three 
dimensions. Terrain models generated in this 
fashion ir.11 produce a realistic, nonlinear data 
base that will qreatly compress the in,onr.ation 
contained in the DMA elevation files. Our CNGEN 
techniques «ill then be extended to ennance the 
terrain elevation mcdel by adding trees, rocks, and 
oth^r surface objects. 

special Features 

Althouqh the qreat majority of scene objects 
can be modeled as solid objects with clearly 
defined boundaries, today's military traininq 
scenarios include scene features, such as weapons 
blasts, smoke, dust, and clouds, which can not be 
represented in the same explicit manner and must be 
treated as special features. These features ir^ 
characterized by a lack of solidity and by 
amporphous shapes with irreqular and poorly defined 
boundaries. In addition, they ar? qenerally 
dynamic, with constantly chanqinq 'Structure. 
Although these features are serious stumbling 
blocks for edqe modelinq, they are very efficiently 
modeled by textured quadric surfaces. Oust as we 
modeled the foliaqe of a tree usinq a sinqle 
textured quadric surface with variable 
translucence, so we can model a coV.mn ot smoke, an 
atmospheric cloud, a dust cloud, or a weapon 
burst. Control of the texture function parameters 
allows the variable translucence required to 
simulate an amorohous shape. In addition, we can 
vary the parameters fror« frame to frame to aqitate 
the texture pattern to simulate motio... The 
simplicity of quadric surface shape definition even 
allows us to create expanding weapons bursts. 

Some of the possible special features that 
q adric surfaces can model effectively ire shown ir. 
Fiq. 7 and 8. figure 7 shows smoke from chimneys 
on a factory. The clouds in the sky are modeled by 
mappinq te».ture onto a plane in the sky. Figure % 
shows *anks with dust clouds. We generated a 
dynamic sequence of this scene which demonstrated 
the realism of the motion of the dust. The effect 
was produced by moving t*e quadric surfaces 
assigned to the dust clouds with the tanks, while 
movinq t*e texture pattern on the dust objects at a 
slower speed. Figures 7 and 8 also demonstrate the 
modeling of textured linear features (the factory), 
textured Urgets vlhe tanks), rolling terrai*. 
rocks, and bushes. 

ADDITIONAL ADVA NT AGB 0? THE NEW 'SCENE MODF.L 

The sophistication of nodern training 
scenarios places stringent demands on scene 
«odeling for C16 systems. Viewable sc*ne content 
must be carefully managed to prevent system 
overloads due to excessive computation lc*ds during 
i«ag? <j*n#ration. Specific eneiay U^gttS Hist 6« 
nod*lee with enough fidelity to allow recognition 
at reasonabl? distances, a*d provision nust bt made 
to «U» u gets to «ovt arbitrarily in the sce->e. 

Scene ***«9t«*nt 

»lodelinq scent features in multiple levels of 
dttail has proven to be an effective m*t\% of 
controlling »ctf,$ content. But thi* ttchhi^ue 
fqptctf the scent ao4tting task by requiring 
ftaturt* to bt aodtltd ttvtral times. Hodtling 
with teiturtd g.#dri< surfaces siaplifits the 
t*plt«ent*tion    t,«     ',09    «rating    in    tnrte    ways. 

Ft«. 7 Terrain Scene Including Factory »r*d Sriokt Mod»S»d by Bounded 
Qutcsnc Surf »oi Obpcti w*d Ttmtwnng Function 

First, many scene features can be modeled in a 
single LOD using a sinqle textured qu.idric 
surface. Control of the texture function to 
eliminate high frequency detail that would produce 
aliasing automatically provides LOD management. 
Thus the same model can be used reqardless of the 
viewing range. Second, large clusters of 
individual scene features, such as groups of trees, 
can be node led in just two levels of detail, a high 
LOD model consisting of objects representing the 
individual features and a low LOU model consisting 
of one object representing the cluster. By 
inserting a taoveable bounding plane at a fised 
distance from the viewpoint, we can continuourly 
truncate tb? low LOO object t% the viewpoint 
approaches whUe smoothly inserting the high LOD 
objects in front of (be bounding p!ar«e. As shown 
in Fiq. 9. this technique wi;l bt effective for low 
altitude approaches that would rot lend thewselves 
to a simple fading ot the ow LOD object by 
increasing its translucence. This technique has 
the added advantagt that translucence need bt 
applied only tn tht high LOD objects r\**r the 
bounding plane to smooth tht LOO transition. In 
«dviMon, texturing will jreatly tfhance the 
effectivtntst of both 100 «oo>ls. Fi/»«liy, tht 
simplification in modtliig ?rovidtd by ttxtured 
quadric outfaces will *ppl> to all Itvtls of 
dttai". Thus **** features requiring «ore than two 
lev#ls of dttail wiU bt tasier to represent. 
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-TRUNCATION PLANE 

LOW LOD FORt.ST 

F19 8 Camouflaged Tanks with Du*t O >uds in Rolling Terrain 
M Girted by Bounded Quadric Surface* and TeMturmg 
Function 

Target Hod»1inq 

In order to provide a trainee with the 
capability for target recognition ^n a cluttered 
..arnmq area, we Tust represent all potential 
targets with a reasonable amount of fidelity. This 
includes friendly a<. well as enemy vehicles. 
•4ot1e') inq such vehicles with edges requires the 
positioning of many vertices using a physical model 
or engineering draw<n^. Quadric surfaces can 
simplify model ir, because they ir^ closely related 
to the mathematical information used in engineering 
design. inqineering line drawings are generally 
producers from cross-sections, or stations, defined 
along a longitudinal e*is. Fach stltion is defined 
in term ef conk sections, and surfaces between 
stations are defined by second-order variations in 
the conic sections. COMC sections are identical 
to sections of intersection between quadric 
surfaces and p'anes, and guadric surfaces have 
second-order variation. Thus» a nodeier can ,jse 
this information to defire qwfadric surfaces, And 
the potent*al exists for automated construct*^ of 
guadric models usinq standard engineering design 
data. 

*. 

HIGH LOO FOREST 

1199-00 SO 

Fig. 9 Transition Between Low and High Level-of-Detail Modelt of a Forect 
Using Bounded Quadric Surface Objects 

Moving Targets 

Moieling a moving target is no different than 
modelinc] a stationary scene feature. It must be 
kept ii nind, however, that any model data 
parameters defining position will have to be 
chanqed on-line to reposition the model for each 
image frame. In edge modeling, all data 
parameters, including vertex coordinates and 
surface normals, relate to position. In quadric 
surface modeling, the shape parameters are not 
position dependent and therefore need not be 
changed. in addition, Quadric surface modeling 
produces a m-„h more compact data base than edge 
modeling, so fewer surfaces will nave to be 
moved. Thi;> i«; particularly important in 
implementing mo*'].ry models with moving parts, where 
muHiple transformations of coordinates ore 
i nvolved. 

Ground following targets present a 
oj.'-t icularly difficult problem for real-time CSJ, 

The biggest part of this problem is to determine on 
which surface a target lies, so that its 
orientation car, be adjusted to fit the surface 
slope. 'Xiadric surface modeling aMeviates this 
problem because it produces fewer terrain surfaces 
upon which a target can lie. In addition, 
structuring the terrain mode! US a set of 
individual obiects allows tne capability of testinq 
ill oiiects in parallel for the presence of a 
target. 

» ITU8E tr'KOR" 

We have demonstrated how textured qjädrit. 
surfaces will solve many scene modeling Priems. 
However, we have only discussed how this appr'>ach 
can be applied to other scene modeling problems. 
The next t •» s k. will be to test dni refine our 
solutions  to these remaininq problems. 

The mest important problem remaining 's to 
develop techniques tc automatically model the UNA 
elevation data with textured quadric surfaces. To 
do this we will extend our profile analysis 
technique?; to tare« dimensions. Next w* will 
extend tne scene modeling technfeues used in our 
CNGEN program to p'.-Ke trees and rocks on terrain 
«urfaces other than the ground planr. 
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We will also develop modeling aids to 
facilitate the nodelinq of cultural features, such 
as targets. We will use these aids to construct a 
library to be used in conjunction with the DMA. 
cultural file to supplement the terrain elevation 
data. 

It has become clear to us that efficient scene 
modeling will require the inclusion of two- 
dimensional feature model'-. We plan to adapt our 
basic bounded quadric surface model to two 
dimensions in the form of 1 ,;nearly-bounded 
curves. We will then be able to model and image 
such features as roads, rivers, and lakes more 
simply. 

We will develop st our LOD manaqement 
techniques, and, final «e will investigate the 
feasibility of our CNGEN and BLOCK techniques for 
on-line generation of scene features. 

CONCLUSIONS 

We have described a new scene model, composed 
of bounded quadric surfaces and texturing, which 
simplifies scene qeneration compared to edqe 
techniques. The new scene model is defined by a 
parametric data base which is directly related to 
the size, shape, and pcition of scene features. 
In addition, the new scene model produces a much 
more compact data base because fewer surfaces can 
be used to model nonlinear featt~es, common in the 
real world. The effectiveness of the new model is 
underlined by its capability to modei efficiently 
such irregular futures as trees, smoke, and 
clouds, whicn are serious stumblinq blocks for edge 
model inq. 
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EXPLORING TECHNIQUES   U'0K  CIG OBJECTS11 

John   Booker**,   Michael   Collery,   Charles   Csun   and  David   Zeltzer 
Computer Graphics  Research Group 

The  Ohio   State   University 

ABSTRACT 

This paper wiii present programming techniques and mathematical algorithms for produci"»", 
animated sequences of exploding objects such as buildings and ship targets.  The vis.ial efft:t 

has obvious extension for application in simulation oi  combat conditions.  Potential applicrtions 
include simulation of weapons effects on real-time CIG visual systems. 

*Suppcrted by Navy contract N613S9-8-ÖC-000S 
:*Navai Training Equipment Center fi-74, Orlando, Floridi 

IN'TRÜDL'CTION 

Computer animation continues to be a valuable 

tool lor the algorithmic generation oi 

time-dependent phenomena.  Techniques tor tue 
display ji motion that have been developed over 
the past i5 years, combined with display 

algorithms for high resolution imagery, enable.-, 
one to ^enerote more realistic pictures and 

animation.  These displays can add to our 

understanding of complex processes. 

in our research we concentrated on developing 

tools tor highly detailed data base generation. 

The emphasis has been upon interactive voraputer 

graphics techniques to work with a Defense Happing 
Agency data tvse adding cultural features.  We 

J also generated at non-real time rates animation 

which simulated moving along a shoreline 01 
Norfolk, Virginia.  During the course of this 
effort we have considered the requirements for 

S   real-time a.  »play and the kinds of visual cues one 
-sight create to make the simulators more 
realistic.  It occured to us, perhaps 

serendipidously, that we mi>ht be :ble to rieu~;te 
explosions because of out data structures and 

display algorithm. 

We have developed d program that we believe 

has applications to.- simulators and training.  The 

realism oi  combat Situations portrayed in a 
simulator with graphics capabilities could be 

enhanced if, along with maneuvers of the craft or 
vessels engaged, the destruction of targets were 

simulated as well.  The pro^ra" takes an object 
described as £hree-dimensional data *nd animates 

the individual polygons that define its shape. 
This technique has been used successfully to 
"explode" and "implode" objects and to alter the 
shapt of objects.  For example, the first 

implementation oi   the program was the explosion of 
a realistic model of a tank.  It should be noted 

early in this paper that the goal of this program 

Is not to create lifelike explosions.  The 
explosion of a physical object is an 
extraordinarily complex phenomenon governed by 

many factors. Including the mture of the 
explosive and the manner of its detonation, and 

the properties of the exploding object and its 
«urround'ngs.  These factors affect the size of 

the blast and the amount of smoke, flame, dust and 
debris produced.  For our purposes we a"e not 

interested in faithfully reproducing the processes 
tha* constitute such an event.  Rather, we wish to 
produce a visually interesting and unambiguous 
suggestion o! a detonation. 

Ine program is (jeneral enough to al.;.ow for 

numerous applications.  Buildings, bridges, towers 
and structures of any kind can be detona:-_- 

providing simulations for training and education. 
It can even be used to depict the explosion of a 
cataract in the simulation of a surgical 

procedure. 

Computer animation deals wiüh manipulation of 

three-dimensional models.  These models are 
frequently represented as polygonal data.  Tha' 
is, the data is described as a seiies of 
coordinate points and a list of polygons that 

describes the relationships between tlese points. 
Traditionally in computer animation, once the 

object is described there is rarely a need to 
bredk it down into sub-parts.  During animation, 

objects are transformed as a single unit to create 
the illusion of motion.  For instance, a three 

dimensional model of an rirplane can oe made to 
fly through space by incrementally translating its 

position from frame to trume.  Objects can be made 
to grow and shrink by the successive scaling of 
the coordinate information.  These transformations 
are global, affecting all points and polygons 

uniformly.  The premise ot this paper is that 

since objects are raaoe of component parts 
(polygons) there exists an inherent ability to 

manipulate eaii polygon individually as if they 
were objects l\\   themselves. 

The algorithm to control linear explosions 

can be explained as follows.  The firs' step is 
altering the description of the data so that 

polygons no longer share poirts with adjoining 
polygons, as is normally the case.  This step 
increases the number of points in the data 

description without altering the snape of the 
object.  Next a "movement vector" needs to be 

calculated for each polygon.  This vector 
determines the direction of travel that a polygon 
will take during the course of an animation 

sequence.  It is arrived at by subtracting the 
"center of explosion' from the centroid of each 

iolygon.  The "center of explosion" is determined 
by the animator and is based on the bounding box 

of Che obect. 
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For instance, in the detonation of a tank the 

"center of explosion" was the minimum height of 
the bounding box and the center of the object in 
depth.  This "center of   explosion" caused the 

pieces to fly in tt-qual directions in both the 
hori ontal and u^pth planes, but only upward in 

the vertical plane, as if the Lank was hit dead 

center by some explosive force. 

After the object is rede!ined into unique 

polygons and a movement vector n calculated tor 

each polygon, the object is ready to be transform« d 
by the main program.  The movement t'nat results 

from this program is bas«d on parameters supplied 
by the animator.  These parameters determine how- 

much and which transformations vi 11 occur and 

their order of occ«.^.ii.t.  These i_ai imeters 

consist of a range of minimum and maximum values. 
They are computed internally by the progrom using 

a random number generator.  It is cur experience 

that this randomness gives the movement a more 

natural quality.  It is important that the random 
number generator be given the same seed value for 

each new frame of animation to 'nsure the movement 
continuity of each polygon. 

Within the main program these steps occur. 

First, each individual polygon is translated to 
the origin.  Then the rotations (if desired) are 

performed in the order specified by the animator. 

Th^ polygons are then translated back to their 
original position.  From this position a new 

location is calculated based on   the polygon's 
"movement vector" and parameters supplied by the 
animator.  It is at this point that functions such 
as acceleration and deceleration can be applied. 

These translations can occur equally in all three 
coordinate planes or a unique value can be 
calculated fur each of the axes.  For instance, if 

the effect of gravity is being simulated the 
direction of uovement in the vertical plane should 
be positive at first and then gradually shift to a 
negative translation until the polygon's position 

is equal to the level of the ground plane. 

A more precise mathematical model of an 

explosion can be developed into the present 
program if so desired.  The first algorithm 
represented linear explosions.  A second algorithm 

deals with parabolic explosions.  Objects launched 

in a gravitational field at less than escape 
velocity will follow a parabolic trajectory.  In 
two dimensions, and without regard to friction, 
the path of an object alon^ such an arc i; given 

by 

x » t*vO*cos(e) (1) 

y ■ t*vü*sin(e) - .5*G*t**2,     (2) 

where e is the angle of elevation above the x 

axis, G vS the acceleration due to gravity (.98 
meters per second), is an initial velocity, and t 
is a parameter.  Since equations (1) and (2) give 
the position without regard to the previous 

location of the object, we can »vtend (1) and (2) 

to three dimensions by s'rapiy specifying an 
additional angle that gives a direction in 

addition to the elevation.  That is, we -an 

compute x and y In the /-. y   Ki,*i.c, .-..J CluJ the 
third coordinate by rotating in tne x~  plan.. 
This gives 

x - t*vO*cos(e)*cos(a) 

z = t*vU*_os(e)*sii(a), 

O) 

(4) 

wh^ie a is the azimuth angle, and y is found as in 

(2) above.  This can be expressed conveniently in 

vector form: 

x - t*vOx" 

y -  t*vO*y' - .5*G**'**2 

z  =  t*vO*z' 

(5) 

(6) 

(7) 

where x', y', and z' are the components of a 

normalized vector giving an initial direction, vO 
is an initial velocity, and t and G are devined as 

before. 

The algorithm for parabolic explosions is 

analogous to that for the linear case. 

for each object begin 
compute the center of explosion Ck; 

for each polygon Pi begin 

compute the polygon centroid PCi; 
find the vector VI frea CE to PCi; 
compute vOi, the length of Vi; 

normalize Vi; 

end 

end 

for each frame 

tor each polygon Pi begin 

compute xi, yi, and zi using eqns. (5)-(7) 

compute the change in xi, yi, zi since the 
last frame, call this vector Di; 
translate Pi by Di; 

end 

While the velocity of the exploding polygons 

is constant using this algorithm, it is possible 
to scale this velocity in several ways.  We 
initially assumed that the force of the explosion 

was constant in all directions.  We could however, 

scale PVi based on say, the distance of the 
polygon from the centroid, which is just the 
magnitude of Vi.  Thi? would have the effect of 

giving polygons farther away from the center of 
explosion small initial velocity.  Or we could 

scale PVi based on some measure of the angle 

between a polygon, the center of explosion, and 
some reference axis, and thus give a direction to 

the blast. 

The effect of the algorithm is to translate 

each polygon along a parabolic trajectory radially 

outward from tne center of the explosion.  The 
center of explosion can be th*? centroid of the 

object or some otht. point chosen to achieve the 
desired etfect.  As in the linear case, the 
algorithm specifies only the position of the 
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polygon and not its orientation, so rotation 

transformations must be explicitly applied it 
desired.  We can take aavuntage of the fart that 

motion in the x-^ plane is constant, only the 
vertical velocity of the object varies with t. 
Thus we can compute constant x and z increments 
once, and we need only compute the altitude each 

frame. 

It. is a simple matter to calculate when the 

height of any polygon reaches 0.  If the initial 
height of the polygon is Ü, the final value of t, 
say T, when the polygon again is 0 is given by 

T = (2.0 vU y') G. (8) 

If   the  initial   height  of   the   polygon  is  some 
non-zero  value,   say  h,   then  we   need   to   increment   t 
beyoad   the   poinL  at   wMch  the   final   height   of   the 
polygon  reaches   ^ero,   since   then   the  object  will 
have  returned only  to  its  initial  haight  h above 
the  ground   plane.     This  value   of  T can  be 
'tetermined   from  the  equation 

,5*C*t**2   -  v0*y'*t +   h =  0, (9) 

solving for t with the quadratic formula.  Both 

(8) and (9) give a uniqua value of T for each 

polygon, as each polygon will follow a different 
path depending on its mi' ial direction vector and 

velocity.  Since we ca.n determine the time and 

position at which the polygon should impact, we 
can portray a splash, a cloud of dust, or a 

secondary explosion at the point of impact. 
Alternatively, we can u;e the direction and 

velocity of the polygon during preceding fraj.es to 
compute a subsequent trajectory and thus cause the 
polyron to appear to bounce after it struck the 

ground. 

An extension to these programs would be the 

ability to ^roup polygons into units and then 
animate these units.  Another extension which we 

implemented creates animation quite unlike 

explosions and implosions.  The idea of 

manipulating polygons is the same.  The difference 
is 'hat the data structure is not altered into 

unique polygons.  Instead the polygons are 
triangularized, while still sharing points with 
neighboring polygons.  This step is performed to 
protect against nonplanar polygons which typical 

scan coverting algorithms do not accept.  With 
this technique objects can be made irregular and 

new shapes can be formed.  This technique was used 

to create tne ocean like data seen in the 
accompanying photographs.  Before modification 

this "ocean" was a flat plane.  The "waves" were 

created by ra:idom rotation of constituent 
polygons. 

SUMMARY 

We have described techniques for the 

simulation of explosions of crafts or vehicles. 

In the paper we were not concerned about the 
precise physics involved in such a problem.  Our 

concern was only with the visual effect.  We view 
this effort as a preliminary effort and more work 

needs U   be done for an implementation in a 

real-tine flight simulator.  It is important to 
mention that much of the realism associated with 

our explosions is due in part to our display 
algorithm.  Farther extensions of our techniques 
to real-time display would require a careful 

analysis of tLit relationships, trade offs and 
computational costs which may be necessary among 
various algorithms to achieve realistic 
explosions. 
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CST, A NRW WAY TO REALISTIC VISUAL SIMULATION 

by 

Dr. Robert Ftickel 
Honeywell GmbH MaintaI/Germany 

ABSTRACTS 

'A new fully digital visual simulation principle 
(computer synthesized imagery CSI) is described that 
uses digitized image components as terrain, target, 
sight reticle pattern, and shell tracer. By means of a 
computer controlled composition unit a sythesis of the 
components is carried out that leads to a realistic 
image of the battle fie id. Outlook is given for further 
upgrades of the mode-ate cost principle as well as hints 
for possible applications^ 

INTRODUCTION 

Visual simulation systems are of 
outstanding importance for training 
systems where the enhancement of the 
trainee s capabilities to assess, and to 
react to, the inrormation presented to 
him through his visual perception channel 
ploys a pivoting role. 

This, in particular, is obvious for any 
kind of gunnery simulators for weapon 
systems with optical siqhts, flirs, etc. 
where target aquisition (detection, 
recognition, identification) is a 
significant phase of a full engagement. 

At first the most important requirement - 
for a visual simulation system for any 
kind of gunnery shall be discussed. 

The first set of requirements refer to 
the presentation of the terrain image and 
is qiven in table 1. 

The next set of requirements is 
collected in table ? and describes the 
target presentation in this terrain 
imaqe. 

Finally a set of requirements as qiven 
in table 3 depicts the influence of the 
weapon rystem under consideration on the 
visual simulation system. 

IxDoVing at these tables the most 
critical areas can be determined that 
existing visual simulation principles are 
suffering fror, either individually or in 
combination. These areas are given in 
table 4. 

COMPUTER SYNTHESIZED IMAGERY PRINCIPLES 

In the past two years Honeywel1 has 
tried to find answers to the questions 
raised in the preceeding chapter with the 
development of the fully digital CST 
(computer synthesized imagery) principle. 

The following paragraphs shall give an 
introduction into the principles of 
operation of the CST. 

As one can take from the name the basic 
idea of CST is to synthesize the image 
which nhall be seen by the trainee from 
the typical imaae components as given in 
table 5. 

The following basic block diagram in 
figure 1 shall give an introduction into 
the principle of the system. 

This block diagram shows four memories. 
In the first memory, a digital image of 
the terrain is stored. A second memory 
allows for storage of all images of one 
or more targets. A third memory contains 
the pertinent sight reticle pattern of 
the weapon system under consideration, 
and finally a fourth memory contains the 
weapon d livery effects as tracer, hurst 
on target, etc. 

Each of these memories dellvers a 
digital image information to a digital 
composi t i on unit wh ich is under eon.r ol 
of   A   process control computer. 

In this unit, the afore mentioned 
synthesis of the images is carried out. 
It results in a digital TV image with a 
size of (>00  by b^O  pixels each wi *h four 
to six bits. Provided this image is read 
out, and converted into, a video 
according to the television standards 
(i.e. with the corresponding frame rate), 
a standard TV imaqe can be displayed on 
the screen of a television monitor. 
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TECHNICAL SOLUTIONS 

After these more general remarks some 
detailed explanations shall be given. 

Terrain Memory 

First the terrain memory and th< diaital 
terrain image will be discussed in more 
detail. 

Basis of the digital terrain image is a 
panorama foto taken by a 3(^0 deqrees 
azimuth camera at any desired location in 
the real w^rld. This foto representing a 
cylinoer projection of the actual terrain 
is submitted to a standard digitization 
process, the result of which is a digital 
terrain image that can be stored in a 
computer mass memory, preferably a 
magnetic disk. If necessary, image 
editing can be carried out to erase 
scratches on the film, to compensate for 
film exposure discrepancies along the 361 
degrees azimuth, misalignments of the 
film on the digitizer, and other. 

Because of the limited reading speed of 
the disk, the whole digital terrain image 
is now read into a high speed random 
access memory. From here, the imaqe is 
now delivered to the digital composition 
unit as shown in figure 1. 

This p/ocess shall be explained in more 
dpMili in figure 2. 

This figure shows that in a preparation 
phase the random access memory is loaded 
with the terrain image 

N~)w, according to the viewing direction 
of tho trainee and the field of view of 

his optic, the corresponding imaae 
section is ad Iressed via the process 
control computer, and lifted out of tne 
random access memory. After digital to 
video conversion, it can now be displayed 
on the TV sere«n. 

It is obvious, that, to obtain standard 
TV frames, the whole transfer from the 
random access memory to the TV screen 
must be under the control of a TV clock 
that runs the process according to the TV 
standards. This means, that the random 
access memory must deliver a pixel stream 
with a rate of afccui 60 nanoseconds per 
pixel. That means also, that within each 
frame time a new image is to be 
qenerated, and transmitted to the screen. 
By means of the signals derived from the 

control handles of the trainee which 
define the section to be displayed on the 
screen, a continual motion cf the image 
can be a'hieved. 

Furtheron, a special techique allows for 
simultaneous read out of more than one 
image, even when an overlap of the images 
occurs. This, in turn, allows for sharing 
the high speed random ^ccess memory fcr a 
larger number of trainees, which gives an 
optimal memory utilization. 

To obtain best resolution, the TV screen 
diameter is matched to the field of view 
of  the optic under consideration. This in 
connection to the azimuth and elevation 
gaming are3   determines the total size of 
the memory. Because of the Multiple 
access capability, however, only one 
memory for several users is to be made 
avai1 able. 

Target Memory 

Next, the target memory shall be 
discussed. 

Generally, the target image can be 
generated by the well known CGT process. 
This can be either a real time process, 
that requires all p?rtinent special 
purpose hardware and real time software, 
or a non real time process. In the latter 
case, all target perspective views that 
make up a complete tarqet trajectory of a 
moving target, are generated and stored 
in the target memory as shown in figure 3 
together with a set of addresses that 
determines at which area of the terrain 
the target shall appear. 

These views, now interpreted as 
consecutive frames, are read from the 
memory into the composition unit with a 
standard TV frame rate. That means, that 
alike the terrain memory, the target 
memory delivers a pixel stream the timina 
of which is identical to that of the high 
speed random access memory for the 
terrain. 

Regarding th* size of the memory, the 
following ocriideration can be made. 

Only in some more unrealistic 
constellations, the target would have the 
full si^e of the field of view. However, 
taking realistic engagement ranges and 
target sizes into consideration, it. can 
easily be determined, that the target 
size in relation to the field of view 
rarely exceeds 10 ? of the field of view. 
Thus, with the field of view being 
represented by 600 vertical TV lines, a 

36 

- ternmam ■M 



target would be represented by about 60 
lines at maximum. 

This, in turn, leads to a practical 
target m3mcry size of 64 by 64 pixels per 
target frame. While for the terrain a 
pixel size of 6 bits turns out to be most 
adequate, a target pixel size of 4 bits 
is fully satisfactory. 

Sight Reticle Pattern Memory 

It appears more practical to generate a 
reticle pattern on the TV screen rather 
than to use an optical reticle in front 
of the screen. Thus any mechanical 
adjustment can be avoided. 
In comparison to the terrain and target 

memory, the sight reticle memory is 
fairly simple. Its size is 600 by 600 
pixels with only one bit per pixel. Such 
a memory can be loaded with any kind of 
sight reticle pattern. 

Because some sights have variable reticle 
parts, as for instance the turret 
position indicator of a tank sight, two 
memory planes are used which can be 
shifted with respect to one each other as 
shown in figure 4. 

Tracer Memory 

The tracer memory also is a simple 
memory. Tt contains only one pixel per 
round with 4 bit for each pixel to allow 
for briqhtn^ss variation in accordance 
with the incr^asinq distance to the 
observer. 

The addresses of the tracer pixel are 
calculated in the process control 
computer according to the sh** i 1 
trajectory and the parallax angle. 

Burst on Target Memory 

The burst on target memory has a size of 
e.g. 3 by 3 pixels with each one bit. 'Hie 
address of tne renter pixel is identical 
to that of the tracer pixel. The burst or 
target- memory, however, is only activated 
if a bit occurs, and than only for one or 
two frames. Thus, a short flash on the 
target can be made visible. 

Image Composition Uni t 

The preceedinq paragraphs described, 
hat each imaqe component is delivered as 

a pixel strea.Ti from its memory. The 
composition process, now, is controlled 

by two main parameters which are 
addresses and priorities. 

This shall be demonstrated by means of 
the most complex composition process for 
terrain and targets. 

First, the position of the target in the 
terrain can be easily determined by a set 
of addresses of consecutive target frames 
in reference to the terrain addresses. 
This process is depicted in figure 5. 
Whenever the terrain addresses reach the 
addresses of the target, the composition 
unit is armed to switch to the pixel 
stream of the target memory, ^he 
switching finally is carried out when a 
target pixel occurs that deviates from 
zero. 

Second, the priority control shall be 
investigated. 

To achieve high realism, a target must 
either appear before a terrain feature as 
for instance a bush, when it is closer to 
this, or behind a terrain feature, wh^n 
ic is further away. In terms of priority, 
this means that either the target pixels 
have higher priority than the terrain 
pixels (thus the target obscures the 
terrain behind), or the terrain pixels 
have higher priority which results in a 
partial or a full masking of the target. 
by the terrain feature. 

Now, with a given target trajectory in 
the terrain, it is fairly easy for an 
observer to visually determine those 
features which may obscure the target. 
This features are marked on the screen in 
a preparatory process as 30 cailed 
obscuration lines as shown in fiqure 6. 
This process, in turn, generates a set or 

priority bits that is associated to the 
addresses of the terrain pixels, and tha; 
finally controls whether a terrain or a 
target pixel is to be displayed. 

As the degree of detail of *he the 
obscuration lines goes down to the pixel 
level, the addresses o*" t-he tarqt-iv 

obscuration can be obtained to the same 
degree. This, for instance, allows even 
for a target beinq partially visible 
through the branches of trees. 

Similar processes, as described in the 
preceeding paragraphs, finally are used 
t o det ermlne the visibility of the 
reticle siqht pattern and the tracer. 

Special Effects 

took up table techniques are used to 
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allow for following effects: 

daylight conditions 
visibility (fog/naze) 
gun smoke 

Likewise, in ronnection with some more 
complex transfer functions, look up 
tables even allow for the simulation of 
the thermal image. 

OUTLOOK 

is stored on the system disk this 
important feature can be made available 
by means of an extra software package. 
This package will allow the instructor to 
plant a target at any desired spot into 
the terrain and match its size and 
orientation to the given terrain 
conditions at the selected spot. By means 
of interpolation routines, a seguence of 
such targets can be converted by ehe 
s/stem computer into consecutive target 
^rames thus resulting in a new moving 
target trajectory. 

Tn the preceeding paragraphs, the 
present status of the CS1 visual 
simulation system capabilities is 
described. Beyond that, the following 
enhancements can be integrated into the 
excisting design. 

Color 

Being based on the TV principle the 
black and white CSI syste'.i can He 
upgraded • *> a color system by means of 
adeguate memory space. This in principle 
does not affect the composition process. 

Battle Field Smoke 

Tn a similar way as targets, smoke 
columns can be planted into the terrain 
with variable ascent angle being 
determined by a wind velocity datum. 

CONCLUSION 

The CSI visual simulation principle as 
described in the preceeding paragraphs 
seems to be a useful contribution to the 
family of existing visual simulation 
systems. With its fully digital process 
it avoids any mechanical component and 
allows for the application in rougn 
environment. 

For most of the processes being software 
controlled fie reproduction of a CST 
system ranqes in a moderate price level. 

Finally with its realistic imaqes, CSI 
seems to be an ideal visual simulation 
for any kind of weapon systems ranginq 
from tanks over anti aircraft guns, 
missile launchers to hand held weapons as 
bazookas, wire guided anti tank missiles 
or comparable. 

Terrain Impact ABOUT THE AUTHOR 

Dust clouds at a terrain impact of a 
shell can be planted into the imaoe again 
by means of similar technigues, while 
time controlled look up tables provide 
the topical fade away. 

Target Dust Clouds 

Oust clouds appearing behind me-inq 
targets finally can be qenerated also in 
a similar way as those at the impact 
joint of the shel1 . 

MR. ROBERT STTCKEL is department manager 
for trainers and simulators in Honeywell 
GmbH Maintal/Germany. He graduated from 
Technische Universität Berlin as a Diplom 
Ingenieur and received his Doctor's 
degree from the same university for a 
thesis on electronic metroloqy in 1^6^. 
He joined Honeywell in ]am   and became 
responsible for desiqn and development of 
computerized training systems in 1Q74. 

User Designed Target Trajectories and 
Scerarjos  

It appears hiqhly desirable tha* the 
user of a training system, i.r. the 
instructor, has means to create target 
trajectories and scenarios in  accordance 
with the given training doctrines. 
Provided a sufficient Mrqet data base 
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TABLE 1 

REQUIREMENTS FOR TERRAIN IMAGE 

TERRAIN IMAGE 

TAELE i» 

DEFICIENCIES OF 

EXISTING VISUAL SIMULATION PRINCIPLES 

0 MUST BE REALISTIC 

0 MUST BE ARBITRARY 

0 MUST BE EASILY EXCHANGEABLE 

0 MUST HAVE WIDE GAMING AREA 

0 MUST HAVE VARIABLE LIGHTING CONDITIONS 

0 MUST HAVE COLOR 

0 MUST HAVE BATTLEFIELD SMOKE 

0 UNREALISTIC TERRAIN IMAGE 

0 EXPENSIVE TERRAIN DATA BASE 

C LIMITED GAMING AREA 

0 UNREALISTIC TARGETS 

0 UNREALISTIC TARGET MASKING 

0 NO USER DESIGNED TARGET SCENARIOS 

I ABLE 2 

REQUIREMENTS FOR TARGET IMAGE 

TAELE 5 

COMPONENTS FOR CSI VISUAL SIMULATION 

O TARGETS MUST BE: REALISTIC 

0 TARGETS MUST MOVE REALISTICALLY 

0 TARGETS MUST HAVE REALISTIC MASKING 

0 TARGETS OF ANY KIND MUST BE AVAILABLE 

0 TARGETS MUST APPEAR IN GROUPS 

0 TARGET SCENARIOS MUST BE USER DESIGNED 

0 TARGETS MUST GENERATE D'JSTCLOUDS 

0 TARGETS MUST GENERATE MUZZLE FLASHES 

0 TERRAIN IMAGE : TABLE 1 
0 TARGET IMAGE i TABLE 2 
0 SIGHT RETICLE PATTERN '. TABLE 3 
0 WEAPON DELIVERY EFFECTS: TABLE 4 

TABLE 3 

GENERAL VISUAL SIMULATION REQUIREMENTS 

VISUAL SIMULATION MUST ALLOW FOR 

O SIMULATION OF FUR 

0 VARIABLE SIGHT MAGNIFICATIONS 

0 IMAGE AS SEEN WITH NAKcD EYE 

0 SIMULATION OF WEAPON 

- GUN SMOKE 

- SHELL TRACER 

- TERRAIN IMPACT 

- BURST ON TARGET 

- RICOCHET 

39 

    _ m flimgn 



—►      COBTHOt 

••♦   woe» 

I wi*»o« fTtifui co<nn(H »KWUI* 

Mtocti« 
COHTIIOL 
COMKITM 

s I'IIF« MtK 

: -T    T T 

rsn r=i (an [=] MIM I 
>*ac    I 

_J—J  —M m*am CO»FO»ITH>H unrr 

atowTo«       CO»UI»»TO«        c»M*vt«: 

0       t> 
FIG.4   :   SIGHT  RETICLE  MEMORY 

1 
 -i-  +        1 

.t* *y° r *<»*»« 
=  I  

4- 
i 

1 

FIXED 

RETICLE 

PAT^EHN 

VARIABLE 

RETICLE 

PATTERN 

RESULTING 

RETICLE 

PA-TERN 

FIG.l   :   BASIC  BL0CKET1AGRAM  FQR  CSI   SYSTEM 

COMMANDER GUNKEN 

«7., II I I AZ, II Ll_i 
ITROCESS     I (T ~} 
 CONTROL     U I  

\ COMPUTER   p L_J 

iN     \ I 
SECTION     ADDRESSES   \ 

IMAG?   n 
-»KOMPOSITION}-  

NIT 

ERRAIN  MEMORY 

IMAGE 

COMPOSITION 

UNM 

COMHANPJR'S   MONlTORl GUNNER S MONITOR 

FIG.2   :   TERRAIN MEMORY 

FRAME 

1 2 3 

| 

A 1 

*£? 
^jQ 

|l  I  I      I   T   T   ] 

• a ■ "ii 

MI    » * 1 

(   ii  :   » f » 

TARGET 
POSITION 
AOCftCSSC» 

Tt»« tm imm» UHH p» 

TERRAIN MEMORY I     ^ TARGET MEMORY 

4 TUOfT    *   • 

Jj> ®a^^JJ IMAGE 
COMPOSITION UNIT      1 

> 

5?i| 
SYNTHESIZED IMMQC 

j                                            0   1» »«*«T HMII 

,                                                      0 T4UMOT »MMM 

0  »  TU«I IIMM 

^   TtlBM» «HMII 

-   TIW.IH UMMH M| IMMI    >*   t 

FIG,5   :   IMAGE  COMPOSITION  UNIT 

1 OBSCURATION LINES 

2 TARGET TRAJECTORY (VISIBLE) 

3 TARGET TRAJECTORY (INVISIBLE) 

FIG.3   :   TARGET MEMORY FIG.6   :   OBSCURATION   LINES 

40 

■nm-THMimmifU^,.-^^^. .  -,■._ —  .  .... ■m .- i II 



CROUND FllRCES TRAIN lNC DEVICES ,\N!J TECHNIQUES: WARSAW PACT CUUNT!U ES 

0 
US Army 

Helen S. Harrington 
Foreign Science and Technology 
Chnrlottcsv~llc, Virgtnin 

Center 

0~ \ 
\ 

. I 
.:',>. 

ABSTRACT c 
~ 

This paper reviews recently developed training devices and techniques used by tlte Warsaw 
Pact countries (WPC) to improve the combat readiness and effectiveness of their ground forces. 
Most of these devices are relatively simple, straightforw~rd, and tailored to the tactical 
doctrine of the Warsaw Pact forces; however, Soviet literature has recently mentioned the use 
of laser simulation equipmt•nt as a training device for gunnery training. The use of mockups 
and of special simulation equipment and techniques is emphasized, particularly in tank
gunnery, chemical-biological-radiological, and air-mobile-troop training. 

I~TROilUCTION 

Thl~ high fll'rform.Hlce and destructive po~o~er 
t 1 f mrdern W('~ilOns :tnd e~uir•ment necessitate that 
t'Jl0r~~t~>rs b~ able tu rcs;1ontl r;lpidly, ;1irn witil 
<'Xlt'•.'!nl' accuracy, and havl~ a thorou~h knowledg~ 

of th~ effectiveness and operational limits of 
combat systt~ms. 1\J achieve th~se results, 
n:i 1 i t:trv leaders Llf the >.'!'C believe that the best 
tr~ining consists of repetitive functions under 
varying cond!tions, with a gradual increase in 
:he• d<Cgrce u[ difficulty. This procedure best 
C:1t~iili.:1rizcs the trainees with the weapons or 
eqlllpr><'nt, ensuring maximum ,ffectiveness in 
their usc·. As t:teir unit commanders seek more 
~fflcitat method~ of preparing troops for combat 
operations, simulation techniques Jnd devices 
rcc~iv~ more attention. The increase in the 
variety of teaching aids, mockups of actual 
t'quipment, 111iniature training ground~, and 
lnnl'Vative methods :md techniques is certainly 
lnt• .. ·nd.·d to prc•;ldc• for a higher quality of 
tralning. In classrooms and demonstration 
L'Xerciscs, instructors use mockup posters, 
dlagrams, films, and slid<:>s. Simulators and 
mockups are usl'd when the trainees are consideted 
proficient in the basic techniques. Hany 
tr:t.i 1ing ureas contuin small terrain mockups 
c'C]ttip:'ed with miniature terrain features, lll'!nmade 
struclures, and equipment for use by the trainees 
to further their training in practical problems. 

The training programs of the non-Soviet WPC 
ground forccs are essentially irlentic'l: with that 
of the Soviets. They differ primarily iu 
standards of qualific~tion and in rhe types of 
training aids and simulators. The types of 
training dcvices developed for use by tne various 
branches of service vary from complex sophisti
cated simulation e1uipment to locally fabricated 
simple training aids. 

DISCUSSION 

Extensive training is conducted on 
simulators during tunk gunnery training before 
trainees actually operate the tanks or fire the 
main and secondary armament on standard ranges. 
Unit commanders a~e allowed a wide latitude in 
selecLing and developing training aids. Among 
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the devices used in train ng tank crews are gun 
trainers to improve sighti g and aiming skills; 
trainers with sights, instrument panels, and 
instructor's control panels; and tark trainers on 
motion simulator platforms to simulate cress
country movement. Newer SoviPt tanks have 
elaborate training simulators. For the gunner a 
cutaway turret (fig l) includes the fire control 
and au=omatic loader. A trainer consisting of a 
hull on which a turret is mounted (fig 2) is used 
to train the tank crews in methods of conducting 
<tre against fixed, lisappearing, and moving 
targets during the day and at nl~ht. The turret 
includes a mockup of a tank gun, a stabilizer, a 
training machinegun, a gunner's night sight, a 
commander's periscope, and a tank intercom system. 
The tank rockin3 frame device consists of a metal 
frame onto which a tank may be placed and rocked 
to simulate cross-country movements. It is used 
in conjunction with sighting and gun-stabilization 
devices. The frames are usually installed in 
classrooms, canton~ent areas, and subcaliber 
rang<'s, 
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Figure 1. Training Turret 
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in ! ~-~,nt pf thL· lL1:ner. Tht..·~e l'la:,nratt• 
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fru:!l. thL' tr~1ir:~···'s ltSt· of t.~,L~ gL·~tr :-.t.>lt....•ctor :tnJ 
h~s m~tnipulat ii..ln cf ti:t• acct.•li..'Llt{'r. 

The mi lit;>.r_v forcc·s of the• \:Pc consider the 
mullip}e rc>cket Lnm,·h,·r (~'i:L) a priucip .. Jl 
~rtil.lery we~p0n, and ca~t1 crt•w member must be 
trcJ,ned to knm.: it~ capabilitic•s and pertorrnanc<: 
cl1:1ractcri~~t-ics. During sp(•cinliZL'd tr:tining. th~ 
r~lJ:>SrO('f:JS tn \ .. dlit·h tht.> tr;,ining is pt.>rformed are 
clivided into tc:o secti 11S, O!ll' for thcorc•tical 
study and the other f.a pract leal exercises. 
TllPt,ry is tat1~t1t in a cl~~sroom equipped with 
traiaing aids, includir.g the• latest models of 
:wdi.co and visual devices, n•cordt•rs, and pro
jection e1uipment. Practical training is con
ductc·d c:1 n moc:kup wec.pon installed on a special 
rram<· th<rL provide,; the student:; with full-circle 
.:ccc·ssihi lity. All of tLE- control and functional 
clements are exactlv like those of th0 actual 
weapon. A training mockup of the Czechrslovak 
M-70 MRL is shown in ~igure 3. The students are 
taught start-up, operating, :.md shut-do1Nt1 
procedures th3t they will perforr~ on the weapon. 
All electrical- and hydraulic-powered elevating, 
traversing, and reloading components and controls 
arc accessible for mainte~ance, repair, and 
adj us ~men t through removable plexiglass covers. 
During the hs truct ion periods, malfunctions in 
the weapon a~e purposely introduced, and students 
ar~ required to locate and eliminate the 
mvc 11;mical courcc of th(• problem until the system 
; :; ,_.,,._,rat i i1:l properly. The MRL simulator is 
,·en,: ld,•rr:d to lw :tn !mpnr·t.nnt dt!Vclopmt•nt for 
pcnv!dJng n'allstic progressive training for the 
crew in the operation of tho weapon system. 
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Figure 3. Cz~choslovak MRL 
Training Simulator 

Thv WPC small-arms training methodologv has 
n·m;tlt.,•d basically unchangr."d s!nct• World War 11. 
Their military forces have b...,en able to produce 
effective infa~trymen ready for combat bPcauhe 
of thvir ,•ffl•cliVt> rifle training, which closely 
rest•mules combat cc>ndltions. Training sct•narios 
simulat<> the manner in which the gt·ound forces 
plan to employ small arms in combat. Al'hough 
be~sic mPthndology has not Changed, the WPC 
emphasize nev training techniquns, hardware, and 
devices in an effort to product' superior riflemen 
l.'ho are ready fnr combat. They havP dvvelo1wd 
device''- such ;Js liming devicPs, and optical 
d<•vices to he> usc<: in riflP training programs. 
BW' armon•d vc•hicle gunnery training is 
emphasized, and a trainer for BXP personnel ic 
available. Several electro-optical devices that 
l!se la><c•r or 1 ight bc•am>< to simulate bullets have 
been developed for use in this training. In most 
of th2 item><, ~hococells are i~sta'led on the 
target to register a "hit." The prima;·y 
e~dvantages of these devices arc that they are 
completely safe, relatively Inexpensive to pro
duce, anJ take up little space. Some arc designed 
for classroom use, others for ranges. 

The electric aiming devicL (fig 4) was 
invented by a soldier in a Soviet military unit 
and is used by that unit; such innovations are 
encouraged. The device uses electro-mechanical 
equipment in conjunction with on aiming stand, 
which is free to rotate both vertically and 
horizontally. The trainee's rifle is fastPned to 
the bJSr', a solenoid sensor is nt tached to tlw 
muzzle, and a wire is attached to the trigger. 
An instructor performs the initial alignment; 
then, the rifle is turned off target. When the 
tr:1inee aims and then "fires," the weapon is 
fixed in place. If the shot is accurate, the 
checkihg light on the range officer's panel is 
not illuminated. In cuse of n miss, however, the 
lnmpH llHht: th'' dl•vlnt I on Is UIH~d to Jud!\e tlw 
aiming• error. 
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Rt·gul~tr-is--.~JL' ::·t~ .J 
Alu~:i:~1~r:: s'-·~·L't...'i~ 
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Fit~ut-l.' 4. E ~·c!:r<.1nil· :\i:nin~ !h.•vict: 

!1:-,':.-'.r.Ims t(' tt':IL·t·, :ntantry::it_'n the tlt._·ct:>ss~Iry 

~.kills ·u t'n~· .. q:t .1L't4 Ltl t.tr:.:··t.; .trt· incnryh..,r ~ted 

intc• Lht• :·ifl\..· tr.1inirq .. ~. pr•'t~r.~:n. Sl)Vit•t \..'ritings 
i·~dic~:l-L" th ... lt t1h·re :trc• distirh·t .:->tag...._·s L)f 

llf'l'gn·~::-'it'n in te.:.1chirL~ tr~hlp:-; tL' opt..~rate ~lgainst 

:lcri~:1 ~.tf . ...!,t::~•, anJ mucktlil.:-\ il,n't' bt•t•n esl~thlisi!Cd 

.tt v.1··:du--· r:tngt.'S to simuLltt.· t~tt·~e a;,.'t itln:-:. 

.\dvanc.·d tLlinin~~ t~)r .. !ir-m~)bilt· troops iuvolves 
t-i_ri._n~: ~lt ~~round t ~rg._·t~ fr('Hl ir1siJt~ ht~licopter.sa 
>tt'<:'kup-; providt.~d ~1: .tir-"nPhilt· tr.tiningtanr,t-•s 
aiL' used t•._l L1mi li.trizt' traitlt:t.'S \ooith helicopters._ 
nr1J to prl1vid~ pra2ticitl t'Xt,~ri~nc~ in firing on 
~1erial t·1rgL•ts. 

An Ant iJ1 rcraft :-lissi.le Simulator 
. ··--- -----------------------

Rela: ivt•ly ,. ':nple in tit-sign and operatiou, 
this :1ntLlircy.rt m!ssi],, simulCJtt'r (fig 5) was 
dl'VL'll)pcd t.~/train oper3.tnrs in tht• firing of a 
pt1rt~lblt./<l:it i .. ti ~cr.:1f:. mi.ssilL· t•quippL·d with an 
infr.:~l:l.·d l'dS~ i ..,·~.· ~uid .. 1ncL> syst~·r:1 and intendeC for 
1!'·~~· dgain··t ln~v-flying enemy :t~rcraft. The 
">i:nul.ttinlt l'quipm~·nt is t~.~)unted Cll1 tlll' .1ctual 
... :,•:!;H1n, .:1li.o· .• ·in~ lll~_ Pt't.'ratl1r to m:tkt} t.~t! of thl· 
non:::1l \·.'l':l~•un syslt?rn controls whilt> carrying out 
._;Lnul .. it+.•d pr:1ctice t irlng continuously. During a 
....;imulatt.•d firing t.lpcratit'n an aircr3ft ta.rgt•t 
:·~L·ner:lrcd by ::lh' simuLttur ir..agC' projector 
~··n.:1b~·.·s rh'-· 1.)\h.'ra:..iJr loL,king through this aiming 
sihtll to SL't.' th~.· t.ll'~t~t prt,jL'Ctt•d on a screL"n. 
\.'isu;Il ._lnd ·tudlu ~ignals tr;Jnsmtttt•d at the 
it:~;L~Inl of tiring i.ndic;ltt• th:tt tht• target has 
ht'L'n ''1.oc:.::.c~.; t1rl

11 :1nd thL' opt~r~ltor nt.-,eds only to 
rt•lv.l~it' tlll' triv,gL'l mt!ch:nd:.;~l to fire n simulatl"U 
;~Ji:-;~.ilt: r{'r <l !d:: or mt:-.:s. Dur·ing the course of 
in· ;:.ructitJI:' thL· prop•_·r p;oct•dtlr(•s for firing are 
""pcrv'"''d ,,:, .111 instn:ct-or st;Jnding by. 
! ~1st rumt·n~. :·l'<Jdr)\Jts at the :nonlt'nl of launch pro
viJI_' t 1:t• instn1ctor •,.:ith result.s for scoring and 
~.~\',llu;ltin:.~ tilL' pro~:rcss 1)f tl1e tr.:-ti'lee-0perntor. 
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Figure 5, Simulator for Soviet 
Anti<~ircrnft Mi~sile System 

Ccl!nbat engine•:r trait,inf~ cmplt<ts!zc:,.; the· use 
of simulat 'on equipmt•nt. Two rect•ntly dt•scribed 
oper;Jtor Lr •. iners simulating the BAT/~! dozer and 
the• ~;tlK-~ ditching machinr! (fig hand 7 1 . haVL' 
bl'Pn dl'VL·lopl'd hy the Snvj~ts. Thl dozL-..r is used 
primarily as a route• clearer and consists of a 
hydr;1Ulical1v operated doze,· blade mountc•d ,,n tlw 
!rot1t of th<' r\T-T ht•avy traciwd artillc:ry tractor. 
Tlw d<lZcr tr;line,~ has a trainee's scat equipped 
with simuL1ted crant' hand controls, wt,rking 
P'.L-..rr.ents., and a dozl·r hl.tdl'. Included in the 
e<lt1l11m~nt are an vrror-rlisr,lny pilTl''l :1r1cl an 
instructor's panel with indicators :PHI cont1·o1s 

for monitoring thto exercisP. The ~mK-::''1 '~Ltching 
machine can entrench comr.1an.d posts, t ro,Jps, guns, 
tnnks, vehicles, and equipment. Its trainer has 
;1 s inntlatc•d doz<•r h lade and trent hi ng compt1ncnts, 
a traitwc'~; sc·at, and an <'rroi-dl~play panel. The 
enginl'er equipment trainers are prime examples 
of the' Soviet uRe of 'irnularion technology. 
Mucb of the extensive training required of the 
operators can be conducted in a controlled 
learning etcvironmcnr with simulated practl_·e. 
WhiJ,, the usc of thc!:e trainers does not t.:.i!rninatt~ 
the liSt' of actual c'qtdpmL'tH, the Soviets clain, 
that the tra!nln& period on the engineer equipment 
itself is reduced by as much as 25%. This 
rl•duct Inn although Ltit·ly modeHt, would help to 
t•xtend Llll' '"'rvicL' llfn of the equlpmc•nt, deere'",, 
tt·nining time, and provide cost s:winp,,; in fuel 
and mai.ntenartc'e so thilt, in tun,, tloe resulting 
savings in military training costs would be 
significant. 
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1::•l is •:u;J;llL'P't'!ltvL! t,·i~h trai.nint-~ :1ld~• anJ 

(~<'':fr..·,_·'::; Ftl1:1s, --;1idl'.s, ~111d l'lt.·c ..... ronic aids are 
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tr.lirlt'(' i.·, ai>!L· to prflctj,-,_. rn;!kl.l~~ llll· rl!t'd:l'un.rn~·nt 
lll't'~'!'-o',,trv r ll d .. ·t t..•rminl· t!Jt· \'it•ld ('f til(· r:'·~·l-.-ar 

v..·eapnn, J'n tacilitt~tL' cl;·,tssrlHl"' :__L'.tt'lling, ·~•!(· 
SoviL·ts ii;IVl' dvvvlopt•d a labor.Jtory (h•vlct..· t!Jilf 

pr•>vldvs pracllcal tralnin,.: In till· 11s" uf lilt· 

cher.Ji,·a] dl'tL·c·tor kit. 

To sLJppltmc·nt the training of cl<-contaminiltlou 
spvc i.: I i st,; "n tit,• actual TNS-fJ'i dt·•·ontaminat ion 
Vl'hiclc·, tltv S<>vl<'t" dt•V<.']OJH'd 11 T~!~;-r.s tr;tlnvr 
(f lg 8). Tit,• trainl·r is d<,dgnt·d ~" mC't·t thl' 
spt..•ci;Jl rt'<jDtrt•rHt..'tlts of slmulatt..~d :.~- dn[.lg, 

t•rnph~lsizing only thost.} agent:., considt_•rcd ~.!gnifl
...:ant :uaJ enabling thf' instructor to supt·r"vist.· tht..· 
lr:linL't.'~ with maximum l:fficiency. CornplL•t(~ 

sir!1tll:lt ion of thl' rontro!s and lhP rl•.:tJ isr:ic 

turbojl·t engine· would glvl' ti:t· tr:tln•.-.· thf' 
tnw-e·;siun that hl' is oppr:tting actual c•quipmenl. 
(\ftt.'r cPrnpJt·ling the· r(1 quired instruction, a 
tr:tinc'L' woutd then advance to ~JL'comc• proficie>nt on 
tht> actu:.,: T~lS-65 ~y~~l:'rrt. 

Figure 8.· TMS-65 Decontamination 
Vehic.l ,, Trainer 

To enh:1tH'C thl' d fectiveness of training ln 
:1:1 electronic warfare environment, h'PC commandc -s 
give cons!d••rablc• attPntinn to training with th(' 
:tLi cd slmt:lllt!on ,•quipt:wnt:. Hadar ><imul:Jtor>< 
have lw·~n a•Jailable for :1lmost as long as the 
rai:1rs th('mselv('s, Reportedly unul'r development 
is a svstcm that us('s digital computers to improve 
the ra~ar operator's training skills. A rcdar 
classroom which is an exact replica 0f the inside 
of a radar station has be('n reported. Tt is said 
t-o have simulation ..'quipmL•nt thnt ,tiJows 
s!tuntlons clofH•ly rt'Hl•mhllng t'(•nl combat to be 
displayed on tit(' indicator screens. ThP impor
tance of acquiring skills in handling simulators 
and trainers to meet the requirements of eff('c
~ive cnmhat training has been emphasized. 

CONCLUSIONS 

TrHlnl.nq devlc'"' nr<· plnying an ln-::re:wlnlllY 
important rule in the effortH of the \~PC ground 
forces to successfully achieve their training 
objectives of combut readiness. Their efforts to 
improve and provide higher-quality training 
through the usc of simulation technology and 
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craining devices are well known.  Tne role of the 

training device as an essential tool for 

repetitive training under realistic combat con- 
ditions is becoming increasingly important to : lie 

WTC military leaders.  As new and more sophisti- 
cated technology is introduced into combat equip- 

ment, training requirements become more intern.e 
and complex.  These events lead to the intro- 
duction of  new tv>es oi   simulators and training 
devices 
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ABSTRACT 

A new, effective, and low-cost battalion(BN)-level battle simulation system, the MACE/ 
Micro-Disc System, has beer, cove loped, under the sponsorship of the US Army Combined Arms 
Training Development Activity (CATRADA) at ft. Leavenworth, Kansas. >The MACE simulation is 
an improved version of the Army's Computer Assisted Map Ma neu-'er Simulation I (CAMMS-I), 
modified to operate on a low cost personal microcomputer-videodisc (Micro-Disc) system. Map 
boards are replaced with military maps s'ored o.i a videocisc and displayed on color moni- 
tors.  Linit location, status and a.tion are shown in a graphical map overlay generated by 
the microcomputers. Operators/ana'ys*s can examine the simulated battle situation by 
scrolling the map using a joystick. The overlay is keyed to map coordinates and scrolls 
with it. In addition, the operator can zoom to focus on a selected area. The areas dis- 
played can range from 4 to 40 km on a side. The Micro-Disc System employs distributed 
processing supported by multiple personal microcomputers and video-disc players sharing a 
common hard disk mass storage unit. This distributed processing architecture and local area 
networking permits graceful degradation in the event of failure of one of the microcompu- 
ters; an exercise can continue to function with other microcomputers in the system perform- 
ing the functions of the disabled microcomputer. Local area networking also permits easy 
expansion of the system for more complex simulations. Operational tests of the system by 
the 9th Infantry Division at Ft. Lewis, Washington have produced results exceeding 
expectations. 

BATTALION-LEVEL COMMAND 
AND CONTROL TRAINING 

Current Approaches 

Rapidly evolving microcomputer, distributed 
processing, and videodisc technologies have been 
integrated into an effective, efficient and low- 
cost battalion (BN)-level command and control 
(C2) training system—the MACE/Micro-Disc System. 
This system can meet critical Army needs in 
BN-level C? training. 

BN-leve* training in the US Army currently 
is limited to one or two CP*s per year, typically 
manual. Selected CQNUS units travel to 
Ft, Leavenworth, Kansas, once every three or four 
years to use the Combined Arms Tactical Training 
System (CATTS). There is some use of board 
games, and some use of the Computer Assisted Map 
Maneuver Simulation I (CAMMS^Th While each of 
these approaches can provide valuable training, 
their limited use can be attributed to specific 
shortcomings: 

M) Manual CPXs are people-intensive, 
requiring j sizeable staff of control- 
lers to produce a realistic exercise. 
Battle outcomes are decided by the sub- 
jective judgment of the controllers. 

(2) Board games are also people-intensive, 
and are vulnerable to dominant person- 
alities among the players. There is 
again no objective source of resolution 
of scenario conflicts. 

(2) CAMMS is objective, effective, and 
available, but still uses map boards 
and does not work in real time. In 
addition it must be operated via a 
dial-up telephone circuit to Minneapo- 
lis, and other locations. This is 
expensive and difficult to schedule. 

(4) Except at CATTS, a realistic, stress- 
filled environment is difficult to 
maintain. The fidelity of the TOC 
setting, and of the interaction of the 
BN comander and his staff with the BN 
elements playing the scenario are 
essential to effective training. 

(5} CATTS training is effective and realis- 
ts, bui. expensive because of the 
travel, and has insufricient availabil- 
ity to meet training needs. 

With the training system located on-site, BN 
staff training programs can be expanded. It will 
be easier to schedule training sessions, and 
easier to reschedule if BN plans have to change 
for any reason. In addition, new training capa- 
bilities can be developed wnich use the MACE/ 
Micro-Disc System and are tailored to local 
needs. These advantages are  gained at low cost. 
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ine iL   iratmng xequirement 

BN readiness requires that C? training exer- 
cise the functions performed by the BN commander 
and his staff in a realistic stressing environ- 
ment. Emphasi; must be placed on command deci- 
sions, control from brigade (BDE) through BN 
staff to companies and other BN support elements, 
coordination among BN elements, information man- 
agement and use, and the use of BN assets. 

Exercising C? functions does not require 
fully detailed tactical resolution (e.g.. line of 
sight determination for individual weapon sys- 
tems). It does require accurate replication of 
t'ie flow of information on +he battle situation 
and the interaction between the BN commander, his 
staff, BPE headquarters, and EN elements. The 
simulated sequence of events in the battle exter- 
nal to BN headquarters must be consistent with a 
realistic scenario. 

C? in battle is highly stressing. There- 
fore, a training simulator must stimulate the 
players both physically and mentally. On the 
physical level, the play area must look and sound 
like a tactical command pest near the front. 
From the- mental perspective, the effects of 
orders, and the results of conflicts between 
friendly forces and the 0°F0R must be both objec- 
tively determined and perceived as objective. 
This requirement calls for a computer-driven sim- 
ulation that can quickly determine the results of 
complex battle situations based on the relative 
strengths of units and their weapons. 

Finally, local operation of the simulation 
is needed to assure <isy and frequent access by 
individual BNs. Each BN should tnin several 
times a year. Local control makes this possible 
and simplifies rescheduling when it is needed. 

THE BATTLE SIMULATION 
CENTER CONCEPT 

C? training requirements can be met by the 
Battle Simulation Center (BSC). The essential 
feature of the BSC (Figure 1) is that it places 
the BN commander and his staff in a situation 
that closely simulates actual stress-filled bat- 
tle conditions. The commander and his staff 
operate out of M577 mockups or actual command 
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also provided for use as needed to be consistent 
with the sitmticn in the battle simulation (Fig- 

ure 2). 

Figure :.  Representative Layout of th? 
Simulation Center. 

»ttl'e 

Figure I. The Major Elements of the BSC. 

All operational BN radio nets are simulated, 
including the play of electronic countermeasures 
(ECM). The command and staff receive all inputs 
and Hssue orders on the simulated nets. As far 
as the commander and his staff are concerned, the 
interaction on the radio nets and the type of 
information exchanged are the same as would be 
found in an actual battle. 

The BN commander and staff do not see that 
the company commanders, BDE staff and fi^es/ai^ 
pe. sonnel are working at computer stations in the 
control room. Orders from the BN commander are- 
interpreted by the company commanders much ?.<; 
they would be in the field, and entered into the 
computer. The battle simulation system moves 
units and determines the outcomes of conflicts. 
The results are displayed on the monitors, and 
reported to the BN commander and staff. Simi- 
larly, fires/air, aamin/log and BDE HQ are played 
as they would be in the field. 

The BN actions are countered by OPFOR 
players who are free to act on their own, con- 
sistent with the doctrine of the enemy fortes. 
OPFOR units in the simulation can thus counter BN 
actions, and attempt to take advantage of any 
opportunities offered by BN player actions. 

Battle sounds, ranging from small arms fire 
to artillery, are provided and represent an 
important part of the realistic environment. The 
type of sound, level, and direction are all con- 
trolled from a recorder room tc reflect the hat- 
tie situation. 

Observation of player activities for exer- 
cise control and eventual player feedback is pro- 
vided by a closed-circuit TV (CCTV) system to 
maintain a realistic environment. Scenes from 
the TOC, admin/log and jump TOC are monitored and 
recorded in the recorder room. Provision is made 
for visitors to observe control roor.i activities 
and view CCTV scenes of TOC activities from a 
separate visitor room. A briefing room is also 
provided to conduct after-action reviews. All 
the controllers, players, the BN commander and 
staff participate. 

The BSC concept has been proven effective in 
years of operating CATTS and CAMMS, and ir the 
operational tests of MACE. The US Army has suc- 
cessfully applied the concept to training BN com- 
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manders and their staffs for eight years in the 
CATTS operation a* Ft. Leavenworth. The more 
recent CAMMS syctem has less resolution than 
CATTS, but has shown that computer-assisted BN 
level C? training can be successfully conducted 
on-site via phone links to a large central compu- 
ter. The MACE BSC more closely resembles CATTS 
in terms of fidelity to an actual battle situa- 
tion. The MACE simulation is an upgrade of the 
CAMMS software, redesigned to fit a low cost 
microcomputer network that is readily implemented 
on-site. 

THE MACE/MICRO-DISC SYSTEM 

MACE--an Improved Version of CAMMS 

MACE uses the conflict algorithms and combat 
resolution data from CAMMS reorganized to operate 
on a distribuced network of personal microcompu- 
ters. Videodiscs were added to the system to 
store* and display standard military maps on color 
monitors. Programming was added tc the microcom- 
puters to generate displays of unit 1ocation and 
status as overlays on the maps. 

MACE can accommodate armor, airborne, air- 
mobile, cavalry, regular and mechanized infantry 
maneuver BNs, and their „ombat/combat service 
support elements. The simulation provides real 
time outputs for battle assessments, casualty 
reports, ammunition and supply reports, and per- 
sonnel reports. The free play feature of MACE 
provides the BN commander and his staff with a 
realistic combat situation to exercise their com- 
mand and control techniques against an adversary 
who can adapt and respond to BN actions. The 
scenarios that can 'be developed are bound only by 
the availability of exercise areu maps on the 
videodisc. 

Operational Configuration 

The MACt/Micro-Disc System in the BSC con- 
trol room is organized into five operating sta- 
tions corresponding as closely as possible to BN 
operational requirements (Figure ?\  There art- 

some constraints due tn the design of the soft- 
ware and the allocation of operations to differ- 
ent microcomputer modules. 

The main game control station has oositions 
for the exercise director, the chief controller, 
the OPFOR team chief, and the BDE S2 and S3 
player/controllers. It is the responsibility of 
this group to ensure the smooth functioning of 
the simulation, and proper use of each of the 
other modules of the system. A large screen dis- 
play :s operated from the main game control sta- 
tion to provide a common display for reference 
when individual stations are focusing on differ- 
ent areas of the battlefield. 

At each of the two maneuver/conflict sta- 
tions, the player/controllers determine friendly 
and OPFOR company leve1 actions, and provide 
coordination between the maneuver companies, 
other BN elements, and BN and BDE headquarters. 
Friendly company maneuver commands are determined 
by the company commanders based on BN orders and 
their own judgment. The OPFOR player determines 
commands for his forces in coordination with his 
team chief at the main game cnntrol station. 
Both friendly and OPFOR commands are entered into 
the station's maneuver/conflict microcomputer 
module. The controller is responsible for ensur- 
ing accurate inputs and for initiating conflict 
when it is appropriate. The map and overlay dis- 
play at this station supports the development of 
the command inputs with detailed unit location, 
status and action information The company com- 
manders at each station are assisted in their 
work by one company executive officer (XO) or 
first sergeant (1SG) and the Fire Support Team 
(FIST) member. In addition, the XO er 1SG pro- 
vides coordination with BN staff and with the 
admin/log station. The FIST provides coordina- 
tion with the fires/air station. 

The admin/log station has two positions. 
One position is for the BDE admin/log controller 
who is responsible for the input of brigade 
responses to requested support from battalion 
admin/log. The other position is the BDE S1/S4 
player.    The  S1/S4  player  receives  status 
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reports, av.ö   processes requests for supplies and 
personnel from the combat trains. 

The fires/air station has an ÖPF0F player to 
determine- enemy artillery and air actions. The 
artillery player coordinates the requests for 
a-tillery support. Requests for air missions are 
coordinated by the a^r  player. 

Operator Station description 

At a typical operator station (Figure 4), 
there are two microcomputers and associated input 
and display peripherals. The data system micro- 
computer generates results for a portion of the 
simulation such as maneuver or admin/log. The 
graphics system microcomputer drives a videodisc 
player and a graphics generator. The graphics 
qenerator mixes the map background video from the 
videodisc player with symbolic overlay video to 
produce the current situation map on the video 
d i s p1 ay. 

Figure b.    MACE/Micro-Disc Display of Map 
and 0'.'( clay. 

Figure 4. MACE/Micro-Disc Operator Station. 

Maneuver, admin/log, and fires/air command., 
are entered through the data system microcomputer 
keyboard or the video system graphics tablet. 
Keyboard entries to the video system microcompu- 
ter call up the map display and a joystick pro- 
vides scroll and zoom control. Information for 
the associated overlay is entered throuqh the 
keyboard or a graphics tablet. Maneuver com- 
mands, admin/log commands, and fires/air commands 
are also entered through the keyboard or graphics 
tablet. 

Operation of a MACE station is similar to 
CAMMS in terms of the computer interaction fcr 
command input and text display. Army personnel 
experienced in the use of CAMMS have been able to 
operate command input and text output with little 
additional instruction. About five hours of 
training and oract.ce is sufficient to acquaint 
player/control1ors with the MACE keyboard com- 
mand, graphics tablet procedures, and joystick 
control of the map displays and overlays. 

The Map and Overlay Display 

A typical MACE/Micro-Disc System display of 
a military map from a videodisc and the associ- 
ated unit status overlay is shown in Figure 5. 
The operator can use ti»e joystick to scroll 
across the map display and zoom in on a section 
of particular interest. The zoom control permits 
selection of a display ranging from 40 to 4 kilo- 

neters on a side. The unit status overlay is 
keyed to the map coordinates, and moves with the 
map as the operator exercises the scroll and zoom 
features. 

MACE/Micro-Disc System Distributed Architecture 

The Micro-Disc System distributed architec- 
ture provides common use of mass storage, access 
to all simulation functions through each micro- 
computer, graceful degradation in the event of 
microcomputer failure, enhanced continuity of the 
situation display and "-eady expansion. In the 
Micro-Disc System the microcomputers are inter- 
connected by a local area network with a shared 
hard disk mass storage device (Figure 6). There 
are five modules, co: responding to the operator 
stations shown in Figure 3 and the organization 
of the simulation software. 

The distributed architecture of MACE pro- 
vides a number of advantages: 

(1) FLEXIBILITY - Any of the functional 
modules, such as fires/air, may be run 
from any of the operator stations, pro- 
vided that the appropriate peripheral 
devices are  attached. 

(2) CONTINUITY - if isolated equipment 
failures occur during an exercise, it 
is possible to reconfigure to run in a 
somewhat degraded mode and avoid sacri- 
ficing time already invested. For 
example, if the admin/log data system 
microcomputer fails, one of the two 
maneuver stations car, be reconfigured 
to perform the admin/log function. 
Only one maneuver station would then be 
on line, but all module types would be 
active. 

!3) SYNERGISM - Because of the shared file 
vonceptual approach utilized by MACE, 
combined battle effects can be taken 
into account. For example, movement 
orders given to an engaged unit will 
produce a rate of movement which is 
affected by such factors as suppres- 
sion, weather and terrain conditions. 

so 
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The MACE/t'irre-Disc System Components 

The components of the MACE/Micro-Disc syster 
provide proven operational capability, high reli- 
ability and low cost. The microcomputers, fo^ 
example, have a negligible rate of failure except 
in cases where they have been mistreated (e.g., 
^y inserting or removing an interface card before 
tht power has been shut down). The hard disV , 
while the most sensitive piece of hardware, has a 
very large mean-time-betwee^-failures and has 
weathered development and testing very well. Thr 
video equipment also has proven to be quite 
stable. Once adjusted, the grapnics generators 
have continued to operate without any significant 
down time. 

Operationally, the various components of the 
MACE/Micro-Disc System have performed well. The 
graphics system produces clear, medium resolution 
symbolic overlays on quite readable map back- 
grounds. The graphics tablets allow for rapid 
input of scenario data. The microcomputers have 
demonstrated their abilit> to do all the requi- 
site processing in necr real time to allow a 
realistic BN simulation. 

The local drea network implementation pro- 
vides the necessary hardware linkage to multipl) 
the effective computing power of the individual 
processors by allowing them to share access to 
the same data base. 

Microcomputer tuggedization provides import- 
ant reliability modifications by simplifying the 
connections to the computer while limiting access 
to printed circuit boards (Figure 7). These ruy- 
gedization modifications are such that all con- 
nections for peripherals are made on the back 
panel connectors oT the microcomputers. To 
ensure proper connections are made, each per- 
ipheral nas a unique connector which is clearly 

Microcomputer Runoedi?ation 

marked. The modificafions also include a six 
ampere power supply and an internal computer fan 
with baffling system to prevent the interior com- 
ponents from overheating. Flexibility, durabil- 
ity and ease of use are greatly enhanced by these 
modi fications. 

OPERATIONAL TEST RESULTS 

Operational tests of the MACE maneuver BN- 
level training system were conducted at Fort 
Lewis, Washington during the months of February 
and March 198?. The tests were conducted through 
the exercise of five PN command groups of the Qth 
Infantry Division. Acceptance of the simulation 
as a training system was extremely high among the 
partic ipants. 
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The tests established that: 

(1) it is possible to convert the existing 
CAMMS program to operate on a distri- 
buted network of five microcompute-s; 

(2) the Micro-Disc hardware is cost-effec- 
tive; 

(3) non-ADP (automated data processing) 
personnel can operate the MACE/Micro- 
Disc System; 

(4) no additional training aides are needed 
to support BN-level CPXs; and 

(5) storage capacity for data in the MACE/ 
Micro-Disc System is sufficient. 

The tests also showed a need to declutter the 
graphics display and speed up processing to avoid 
simulation delays when 25 or more units are 
active. The latter requirement led to the inves- 
tigation of a more powerful "high density data" 
microcomputer to be used in the main game module 
in place of the original data system microcompu- 
ter. Improvements to the graphics software have 
been identified and will be incorporated in oper- 
ational versions of ihe MACE/Micro-Disc System. 

BN commanders and their staffs participating 
in the Ft. Lewis tests rated the MACE/Micro-Disc 
System higher tha.1 CAMMS or manual CPXs. Those 
with CATTS experience .-ated MACE as comparable to 
the more complex avA  higher cost system. 

CONCLUSION 

The MACE/Micro-Disc system has been shown to 
be effective, easy to use and low cost. It is a 
system that meefs the Army's need now for 
improved C? training at the maneuver BN level. 
Furthermore, i demonstrates what can be done 
with rapidly emerging microcomputer and videodisc 
technologies combined with distributed processing 
concepts. 

Th\. growth potential of the system ensures a 
long and effective life for the concept. The 
ability tc substitute more powerful microcompu- 
ters, such as being considered for the Main Game 
Module, and the ability to network up to a total 
of 64 microcomputer devices provide major growth 
potential. More complex simulations can be read- 
ily accommodated. 

work in the field. That information, properly 
gathered and analyzed, can "/nape even more effec- 
tive training systems for the future. 
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The operational capability of the BSC can he 
iurther enhanced by adding new software modules 
for non-maneuver BN training. This can include 
engineer, medical and artillery BNs. 

The growth potential in the use of the cur- 
rent configuration is perhaps equally important. 
Local needs for individual or small group spe- 
cialized training can be met by using the 
Micro-Disc System for other war games or training 
packages when it is not in use for MACE exer- 
cises. 

Finally, the Army has an opportunity to put 
a large number of systems in the field. This 
greatly expands the amount and quality of train- 
ing of local commands, and creates an enormous 
base of information on what works and does not 
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OVERVIEW OF AN ONBOARD OPERATIONAL TRAINING DEVICE 

Joseph Ricci, Jr. 
Submarine Signal Division, Raytheon Company 

Portsmouth, Rhode Island 02871 

ABSTRACT 

In order to optimize the capability of today's ASW equipment, an oper- 
ator must be proficient in both the technical and operational aspects of 
system employment. Providing adequate training to personnel, however, is 
straining present resources. An effective onboard ASW training and readi- 
ness assessment capability that uses available" shipboard personnel and 
equipment is one way of meeting future training needs. This paper pro- 
vides an overview of an onboard training device that is now installed 
aboard SSLN submarines. The various issues and lessons learned during 
system definition, development and fleet evaluation will be discussed, and 
the system approach and implementation will be described., 

THE NEED 

Advances related to the Soviet sea 
warfare threat, both in the areas of in- 
creased tactical capability and increased 
numbers of vessels, have been countered 
by a strategy reauiring rapid increases 
in the capability of our antisubmarine 
warfare (ASW) systems. To ensure that 
our new systems are effectively used re- 
quires that the operators have an exten- 
sive technical and operational under- 
standing of system employment. Optimum 
utilization of personnel and equipment to 
meet oianging requirements requires con- 
tinuous modification and evaluation of 
operating guidelines. Proficiency in all 
areas of maintenance, operations and tac- 
tical employment must be maintained at a 
high level to take advantage of our qual- 
itative performance superiority. 

The complexity of the systems has led 
to longer training periods. This period 
has aggravated the problem of optimum 
usage of personnel. As many as 21 per- 
cent of total Navy personnel are in 
training at any time. The lack of avail- 
ability of trained people coincides with 
a rapid turnover of experienced fleet 
personnel. These seniot people, with 
many years of practical knowledge, have 
been invaluable as educators and trusted 
advisors. These ASW operations "mentors" 
in the past could provide a level of ex- 
perience and knowledge that could be 
used, especially aboard ship, to ensure 
the continuous proficiency of the sonar 
operators. 

The problems associated with continu- 
ously evolving tactical equipment and 
operational guidelines, lack of qualified 
personnel, rapid turnover of experienced 
operators, and the ever-expanding train- 
ing requirements, must be dealt with to 
ensure an adequate utilization of our ad- 
vanced system capability. 

BACKGROUND 

Over the past ten years, Raytheon 
Submarine Signal Division has been in- 
volved in a novel approach to providing 
ASW training with the development of 
shipboard training equipment. Though on- 
board training is not new, the capability 
of providing realistic operational train- 
ing while using the actual snipboard tac- 
tical equipment and environment has only 
recently been technically practical. 
Previously, the equipment necessary to 
adequately perform the signal processing 
functions needed would have been coo 
large to be placed aboard the ship. Such 
devices were only considered for large 
shorebased training facilities. With the 
electronic advances in the area of large 
scale integrated circuits, especially the 
development of the microprocessor, a 
sophisticated training system could be 
developed for shipboard use. Initial 
development of the concepts used today 
began in the early 70s Raytheon devel- 
oped a system that could stimulate the 
actual ship's sonar system with synthe- 
sized acoustic signals. It was origi- 
nally conceived as a maintenance aid for 
the AN/BQS-13 sonar system used on nucle- 
ar attack submarines. However, it rapid- 
ly became obvious that such a system 
could provide a unique training capabil- 
ity of unmatched flexibility and teal- 
ism. By injecting a synthesized signal 
into the sonar system, appearing to the 
operator as an actual contact or target, 
it was possible to train the operator 
repeatedly and predictably on his "own" 
equipment at any convenient time. The 
ability of the system to provide effec- 
tive onboard training was successfully 
evaluated by the Navy in 1973, when an 
engineering development model of the 
trainer war tested (Figure 1). With this 
evaluation, a new alternative to provid- 
ing and maintaining sonar operator profi- 
ciency was demonstrated. 
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Figure   1.      Preproduction  Version  of   the  AN/BQR-T4 ,   the  DS1210 

ISSUES 

The evaluation of this early system 
as an onboard operational training device 
uncovered several issues that have influ- 
enced the development of succeeding sys- 
tems; they are: 

■ Ease  of  operator  control  of  the 
training system 

■ Consistency 

■ Target realism. 

Ease of Operator Control 

The training system is used aboard 
ship, in many instances at sea, by ship- 
board personnel who are not instructors. 
Under these circumstances it is important 
that the control of the training device 
be as straightforward as possible. The 
training device is used to create a 
training environment. In order to make 
this as effective as possible, there 
should be very little overhead relative 
to turning on and setting up the system. 
It should be as easy as possible to get 
into the training exercise. 

Consistency 

Along with the consideration that the 
control of the training system be as 
straightforward as possible to conduct a 
training exercise easily, it is vital 
that the training environment that is 
created be as consistent as possible witn 
the normal operational conditions ex- 
pected by the sonar operators. This con- 
sistency is very important. There is no 
instructor, as at a shorebased facility, 
to provide the continuity needed if the 
training situation does not match the 
true operational conditions. The realism 
provided by the training device must be 
sufficient to allow the student to per- 
ceive a situation as consistent with his 
past training and operational experi- 
ence. If not, the inconsistencies will 
interfere with the training process. 
Without an instructor to explain away 
major inconsistencies, the risk is that 
the training could be perceived as not 
appropriate and the training device might 
not be used at all. 

The consistency issue applies to many 
aspects of the training environment, in- 
cluding turnon, setup, and employment of 
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the tactical system, whether it be an in- 
dividual equipment or the entire sonar 
ASW group. Ideally, the training system 
interaction with the tactical equipment 
is transparent so that no unique setup of 
the tactical equipment is associated with 
the training system being on. All opera- 
tional modes should be available to the 
operators so that training can include 
turnon, setup, detection, classification 
and localization in a manner consistent 
with what the operator should expect when 
he is using his equipment properly. 

Target Realism 

In order to provide the possibility 
of training for the large variety of con- 
ditions that an operator is confronted 
with during the detection, classification 
and localization of a targec, it is im- 
portant that the training device provide 
a realistic training target. Here again 
the issue of consistency is important. 
If an operator is to be trained to best 
use his equipment to extract the maximum 
amount of information, it is important to 
provide the capability to exercise the 
operator in a manner as consistent with 
normal conditions as possible. Target 
type, signal content, narrowband and 
broadband, ownship and target maneuver- 
ing, and sonar signal processing setup 
can create mar.y conditions that cause 
unique presentations at the operator's 
sonar display. By providing a reasonably 
realistic training target, an operator 
can be taught to recognize and respond to 
the key characteristics that allow him to 
best employ his sonar system. 

Particular attention must be paid to 
areas wnere cognitive decision-making 
takes place. Subjective analysis of tar- 
get characteristics as seen on sonar dis- 
plays is an area that requires repetitive 
training to maintain proficiency. By 
providing a realistic target and allowing 
the operator free play in the use of his 
equipment, he can best appreciate the 
interaction of incorrect equipment set- 
tings on the degradation of the detected 
target signal. 

Now in Service Use 

These issues provided the Dasic guid- 
ance in selecting the particular :ystem 
approach and implementation used during 
the development of the production version 
of the training device. 

The first production version of the 
onboard trainer was the DS1210. The sys- 
tem has received approval for service 
use, is installed on all fleet ballistic 
missile submarines and has been assigned 
the military designation AN/BQR-T4. 

Over many patrols, combat teams have 
been enthusiastic about the high degree 
of realism which the trainer makes possi- 
ble. The concepts originated to evaluate 
the first training system have been ex- 

panded to a sophisticated training pro- 
gram known as SOTAP: Sonar Operational 
Training and Assessment Program. SOTAP 
is a Navy-man:,ged program used to coordi- 
nate sonar operator training to ensure 
optimum use of both the shorebased train- 
ing facilities and the onboard training 
equipment. 

Front-End Stimulation 

The success of the onboard training 
system in providing an effective capabil- 
ity is due to the design approach chosen 
and its implementation. The DS1200 
series trainers are "stimulation" type 
systems rather than "simulation" sys- 
tems. The primary functional difference 
is that the stimulator uses as much of 
the tactical sonar equipment as possible 
where as the simulator type system "simu- 
lates" mathematically as much of the 
equipment as possible. With the stimula- 
tor, the goal is to model the threat and 
acoustic phenomenon as realistically as 
practical, synthesize analogous signals, 
and stimulate the sonar with these sig- 
nals. The fact that the actual sonar 
system equipment is used to process the 
signals provides a very realistic presen- 
tation to the sonar operator. It is this 
realism that allows training to take 
place on many levels, from simple proce- 
dural training to levels that require an 
interpretive assessment on the part of 
the sonar operator to ensure proper util- 
ization of the sonar equipment. To date, 
the degree of realism attained with stim- 
ulation has not been reacned using the 
simulation approach. The complexities of 
the ocean medium and the difficulty of 
modeling the sonar system processing hive 
made it impractical when a high degree of 
fidelity is needed. 

The signals generated by the training 
system are injected into the sonar system 
as close to the "front-end" as possible 
(See Figure 2.)  This allows all sonar 
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proce~s • ng to continue during the train-
ing exercise. It also does not interfere 
wi ~-h normal operator functions. Th<:! 
operator does not ~1ave to configure the 
son,:r i;1to o "training" mode; therefore, 
the operator is trained in an environment 
co:~sistent with the normal operation of 
thf' tactical equip:nent. Adder'! advantages 
to front-end stirn~ilation are that test 
~;iqnals can be injected into the sonar 
system for maintPnance purposes, any 
:wxilL:nv proC!'SSin<J equipm('nt used with 
tilt' ,;on~\·[ CiHl c'l:JO be stimulated, and the 
tr~iner system is relatively immune to 
changes th,:t mily take place to improve 
:..i1e procec;sing capability of the sonar 
~.;'!Stern. 

The signals in-jected into the sonar 
,:re sy;1thesized replicas of signals nor
mally exp<:>cted fro;n t~he trilnsducer array 
assembly. The training system has to 
have within it 3 "world of its own." The 
training system provictes its operator the 
capabilit-y of ~el1~c•:ing various target __ _ 
and ocean types. The selected target 
•:cssel can then be maneuvered as though 
the trainer operator, using the instruc
tor's console, were in fact the target 
vessel operiltor. (Figure 3.) 

~~ithin the equipment, t-he maneuvc~n 
of the tilrget and ownship are monitor•'d 
and maintili;;ed. The radiated target ves
sel signals are synthesized to reflect 
the vilried characteristic of machinery, 
propulsion, propeller and hydrodynamic 
sound sources. These radiated signals 
.:Jre modified to reflect the complex na
ture of propagation through the selected 
ocean. An <H ray simulator Lhen processes 
the signals to reflect the conversion of 
the synthesized sound pre::..:-;ure signal by 
the sonar transducer arta} assembly. 
These signals are then injected into the 
sonar to be processed as actual acoustic 
data (see FigL!re 4). 

Of particular interest is the complex 
nature of the radiated spectrum from the 
target vessel. In order to realistically 
simulate these signals, the training sys
tem must be able to recreate the "in
sictes" of the selected target vessel. 

The sounds from. auxiliary equipment, 
diesel-engine firing·, -the whine of gears, 
the hum .Jf generators, propeller cavita
tion, anct water flo~ing over the hull are 
characteristic sounds that provide clues 
to the sonar operator of the vessel 

Figure l Triliner Control UnH of AN/BC"R-T4 ns Installed in a 
Fh,,_,t Ballistic 1-1issile &lbmarine 
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Figure 4.  Trainer Simulated World 

type. These various characteristics are 
synthesized by a microprocessor-con- 
trolled digital signal generator that is 
programmed to model various target types 
(see Figure r>) . 

The system approach allows for ready 
adaption to different sonar systems. The 
target signal synthesizers and the ocean 
processing have been designed t-o approxi- 
mately model the effects of the respec- 
tive phenomena, independent of the tac- 
tical system to be stimulated. The 
training system's array simulator can be 
programmed to model various geometric 
configurations of sonar syster. sensor 
arrays. It is the function of the array 
simulator to provide the unique proces- 
sing needed t adapt to various sonar 
system characteristics 

The system concept described has been 
successfully applied to submarine and 
surface ship soaor systems. Newer ver- 
sions of the sysve» allow for multiple 
targets to be synthesized and controlled 
simultaneously. Evolutions of system 
capabilities hav* led to ownship noise 
and ocean nois*» synthesis to allow real- 
istic dockside training to be conducted. 

Ownship motion is simulated so that, 
dockside or during transit periods, the 
training can allow own ship to prosecute 
the training target without interfering 
with normal evolutions. Interfaces have 
been provided with the fire control sys- 
tem aboard ship so that ar entire fire 
control, sonar team exercise can be run. 
In fact, any combat system function that 
is provided tactical information from tne 
sonar can be exercised in a training 
situation. 

THE FUTURE 

The future of the onboard operational 
trainer ctsn lead to a means of providing 
a source of information that previously 
was supplied by key experienced personnel 
or mentors. This capabili can be pro- 
vided to the ASW team or in fact, any 
sensor or combat team. A trainer can be 
configured for each major sensor g^roup 
and it can become a source of opsrability 
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information providing not only a training 
capability but a library of operation 
guidelines, a source of maintenance in- 
formation, and also an interactive means 
of managing operations for each team. 
Basically, the system can become a perma- 
nent source and focus of information 
storage that can aid with the operations, 
maintenance, training and readiness for 
the sensor team: a source that i.s con- 
sistent from ship to ship and a permanent 
complement to the ship's force. 
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ABSTRACT 

The United States Army has achieved a significant advantage over the Warsaw Pact 
forces in the area of tank gunnery under conditions of darkness, smoke, fog, and rdin. 
This advantage has been gained through the development of the tank thermal sight. The 
ambient temperature, under virtually all environmental conditions, including smoke and 
darkness. Since the Soviets are  particularly adept at fighting under cover of smoke» 
the ability of U.S. gunners to acquire a nigh skill level in the use of the thermal 
sight is imperative to allow rapid acquisition and identification of enemy vehicles aid 
personnel. 

Gunnery training under adverse conditions of darkness, smoke, fog, and rain are now 
being conducted ,;ith tne aid of a thermal signature target developed through PM-TRADC. 
The background leading to the development of a Thermal Signature Target as well as a de- 
tailed description of a modular, full scale tank Thermal target sybt^ni is presented. 

INTRODUCTION AND BACKGROUND 

In anticipation of fieldina several weapon 
systems which employed thermal sights, the Army 
issued a requirement for the development of tar- 
gets which could be used in training gunners 
associated with those weapon systems. The 
requirements at that time were rather sketchy 
since such training had never been conducted. The 
first thought was to require targets which presen- 
ted art exact thermal signature of the vehicle or 
subject being represented. Details of road wheels, 
tracks, engine box and exhaust, turret är^ö  gun 
tube were specified as distinguishing features. 
Althougn the cost of such a target would be rela- 
tively high, it was felt that target recognition 
and identification were significant element! of 
training. 

Of concern to the Army was that tne targets 
be low cost, have low maintenance requirements, 
and that installation co*;id be completed quic»,ly. 
In addition, the Army was particularly concerned 
about power requirements for the thermal targets. 
A tnermal target which required no external pow?r 
supplies such as batteries, generators or commer- 
cial power was the Army's goal. 

During the early development of the thermal 
target, several candidate targets were presented 
to the Army by various government and commercial 
agencies. The forerunner in the therma1 target 
area was NIL':, Orlando. (1) Only one target 
which was demonstrated required no external power- 
supply 

The initial technique selected by tne Army to 
fill the requirements for a thermal signature 
target involved a chemical neating process. The 

ihemical source was provided in the form of a salt 
which, when combined with water, generated heat. 

Initial tests appeared to be successful, (2) 
however, subsequent evaluations of the chemical 
her.ting bag approach revealed several drawbacks, 
such as poor signature in cold weather; short 
duration of tne signature before requiring a water 
refill; and the overall effort was very labor in- 
tensive. 

The immediate requirement for a target which 
required no external power supply was dropped in 
favor of a target which could be powered by a 12 
volt battery. That target system was developed by 
TV I Energy Corporation of Beltsville, Maryland. 
The TV I target is not considered to be the ulti- 
mate solution to the thermal target problem; how- 
ever, it nas been demonstrated to be a viable 
concept. 

SYSTEM DESCRIPTION 

Taraet Module 

The TV I thermal target *s made of modules 
wnich can be arranged in any order to form the de- 
sired configuration. Individu ,1 modules include 
track sections, turrets, hull sections and road 
wheels. A typical target sys.ein is depicted in 
Figure 1. This figure shows the standard target 
lifting mechanism with a NATO standard plywood 
target. Attached to the plywood target is the TV1 
thermal signature t. rget. The confiauration snown 
is 'hat of a Russian T62 tar.k as viewed from the 
front. Modules can be stapled or tacked to the 
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pL•wood t.wtjet. fiqur·e :' stwwc. tht: .1rrunqe"'ent 
r)t. thPr·mJl rnodult'S ,1nc1 ,·,]so shows the inter·connec
tion of wires to U1r r:J,lin tanlf•i harness. r~odules 
can bn rroduced in b~sir~llv any s~ape and size 
•.-1i ~hi n l i 1:1i ts. lhr vo1r i ous · .1 n·:HI•lf'l'lf'11 t s which 
<H'f~ pr·esently ir; '.1St' ,1re Stlfl\'111 ir: ri<]Ures 3 and 4. 

There is a d<>finitf' advantaqe to forming the 
:hennal tc,rQet wi~h rr:::d,:LH· units rather than us-
; n~~ a one ;J i ece t;n·qet. I~ has been found that 
the majority of rounds strike the tarqet at the 
center of mass; i.e .• the enqinr box or the turret 
sections. rrack sections dre only occasionally 
hit. Therefore, it is necessary to replace only 
tur·ret and the Png·ine box modules non~ally, and, 
leso; fn~quently, the tl'ilCk mot1ules. 

With the limited data available to date, it 
is estimated that approximately ten 105m rounds 
can penetrate a target modulr (approximately 50 
per tcn·get) without severely deteriorating the 
image quality. This assumes that a round does not 
sever the electrical cornections on that module.-~ 
Howeve1· it is po<;sible to repair the electrical 
connections with a repair kit which is available. 
The limiting factor with the thermal targets seems 
to be a function of t~e survivability of the ply
wood to which the target is mounted. 

A typical module is shown in Figure 5. The 
electro-conductive coating inside the flexible 
heatin<J element operates as a wide area resis~or. 
The actual resistance of each target module is a 
fi;ed value, with the resistance ~or each type of 
target module (i.e .• track, road wneel, etc.) con
trolled to a relat~vely tight tolerance in manu
fucture. 

\~hen an electrical potential is placed across 
the coating. a current flows and.power is dissi
puted. Thus certain target modules. depending 
on their predetermined resistance values, will 
appear cooler than ethers with the Sillne supply 
voltage. ihis i11lows a complete thennal ta1·yet to 
show a oattern of hott~r and cooler target modules, 
.. ,ithout. separ·ate controls, while running off a 
single power supply. This provides the gunners 
with the indication that some of a vehicle's ther
mal "cLH'S" are more intense th'l others (e.g., 
that an engine compartment is hotter than a tur
r·et). 

The electrical current flow to the conductive 
coatinq is carried bv the copper busbars. These 
busbars are located ~t opposite ed~es of the 
coiltin(] in a rnilnnpr· that promotes electrical cur
rent fl 01-1 throuqf••Jut the area of the conductive 
c0ating. 

To ensure ~eliable and continued target opera
tion even after live fire d~mage, the busbars in 
these target modules have power supply connections 
at both ends. Serverinq the busbar at an} point 
onlv results in the loss of the siqr.ature from the 
area immediately around the hole. 

Having redundant circuitry also means that 
the electrical c0nnections to such a target module 
~ust be keyed for polarity. This is to ensure 
that both ~nds of the same busbar are connected to 
the same side of the power supply. Failure to do 
~o could creat~ a shnrt circuit condition, poten
tially dama(]ing to the power supply and control 
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modules. 

Heitting element perfonnance is <>nhanced by 
thl' presence uf an insulating layer bonded to the 
rear of the tar<Jet module. This layer of flexible 
insulation or styrofoam, depending upon the type 
of tarqpt module, thermally isolates the hl'ating 
eler:1ent from thp cold plywood backinc;, minimizing 
enPrgy loss by cunduction to the plj'\':ood. 

r'_o~_e_r_l_up l~Y 

Al:hough the Army continues to search for a 
target which will qenerate a thermal image without 
the r1eed for an external power supply, the present 
t~rqet system does require power. 

Since manv of the ranges used by the Army are 
not equipped wit~1 corrmercial power, battery pnwer 
is used extensively. Anc in keeping with this 
approach, batteries were used as the source of 
power for the present thermal targets. However, 
severill problems appear wnen batteries are used to 
power a heat producing element such as the thermal 
target. The present targets generate approximately 
10 watts per square foot of target area. Using a 
full size tank target, a standard 12 volt battery 
will dissipate very quickly if the targets are 
powered continuously. To alleviate this problem, 
a control mechanism was devised to provide power 
to the target only when the ta~k crews were in the 
ready-to-f;re mode. 

Since the targets are mounted on a lifting 
mechanism, target acquisition by the gunners occur
red only when the targets are in a vertical posi
tion. If the target is not hit within 45 seconds, 
the lifting mecha~ism when in the automatic mode, 
drops the target to a horizontal position. In that 
position there is no need to generate a thermal 
image; therefore, power can be turn~d off. By 
placing a mercury switch on the lifting mechanism, 
the power to the target can be turned on as the 
liftinq mechanism beqins to raise the target. 

The lifti11g time for the target m~chanism is 
approximately 6 seconds. It was found that this 
time was not lony enough to allow the target to 
fully heat when powered by 12 volts. To reduce 
the heating time, a battery inverter was included 
in the system. The inverter converts 12 volts to 
110 volts. In addition, timing circuits were 
added to li~it the ~ime that power is provided to 
the target for each cycle. The time limit fea
ture makes it possible to leave the target in the 
vertical rosition when the lifting device is in 
the manua mode without dissipating the battery. It 
was also recommended that the thermal signature be 
presented no more frequently than every 10 minutes. 
D'lring this time, the battery can recover to a cer
tain extent. The 10 minutes between cycles also 
more closely matrhes the training scenario. 

With the aid of the inverter, or power control 
module, and a few new procedures, it was possible 
to increase the time between battery chargings to 
8 hours v1ith normal use. The power control module 
is mounted at the base of the target or on the 
target lifting mechanism as shown in Figure 1. 

/J..\fA!LABLE COPY 



Figure 1 - Thermal Target-Toe front View 
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KATO #70 Full Frontal 

NATO #59 Partial Defilade, WTO #60 Partial ftefllade. 

Figure 3 - Thermal Target Arrangements 
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AJJ-ernate JL01 J^Ü Sources 

Liattery power is perhaps the least efficient 
method of powering the thermal targets; however, 
the technology associated with their handling and 
maintenance is minimal. Therefore, batteries have 
gained widespread acceptance. On the other hand, 
gasoline powered generators are  a considerably 
more efficient means of providing power. Due to a 
long history of being a maintenance nightmare, 
generators are generally avoided in areas where 
skilled repairmen are  not readily available. The 
obvious solution would be to use commercial power. 
The installation of commercial power has the conno- 
tation of permanency, which means the ranges are 
no longer flexible and portable. 

Despite the fact that all of the power sources 
described above have some disadvantages, the ther- 
mal target is not limited to uny one source of pow- 
er. The targets function equally well with battery 
power, generator power, or commercial power. 

Thermal Target Training Environment 

What will the trainee expect to sje through 
his thermal sight? The answer is that the image is 
strictly a function of the thermal sight design. 
Since the image presented to the gunner is a video 
reproduction of data gathered by the thermal sens- 
ing devices, image quality and resolution vary con- 
siderably from sight to sight. A general represen- 
tation of a thermal image of a tank at night is 
shown in Figure 6. 

However, night sighting is only one condition 
under which the thermal sight is a wery  useful 
acquisition guide. The Warsaw Pact armored units 
are particularly adept at fighting under cover of 
smoke. As shown in Figures 7, 8, and 9, the battle- 
field can be cluttered with smoke which obscures 
the enemy, and by fires which can provide false 
thermal images to U.S. gunners. Therefore, it is 
essential that gunners receive adequate training in 
target recognition and identification under all 
conditions cf nighttime, rain and smoke. Figure 9 
shows a Soviet tank partially obscured by smoke 
cover. Figure 10 shows the same tank as viewed 
through the thermal sight. In addition to smoke 
cov-or, trees and brush are used to obscure enemy 
vehicles. Figure 11 shows a tank in partial defil- 
ade, and Figure 11  shows the same vehicle through 
the thermal sight. Again, these photos demonstr- 
ate the capability of the thermal sight. 

To be able to distinguish the targets from 
the background requires that the targets used for 
training adequately define the target. A simple 
hot spot or blob tarnst may not allow the gunner 
to recognize a target because of its similarity 
to the background, or battlefield conditions. A 
fire on the battlefield, for instance, will look 
tne same as a hot spot target through the thermal 
sight. Therefore, negative training may be pro- 
vided if hot spot targets, rather than well 
defined targets, are used during training. 

Figure 13 shows a TVI thermal signature target 
through the M60A3 thermal sight. The target repre- 
sents a front view of the T62 tank. Without proper 
training in target recognition, it would be diffi- 
cult to distinguish the target from the background. 

The problem further increases as the range to the 
target increases. 

Future Potential 

Each new vehicle or weapon system which em- 
ploys a thermal sight presents a new training 
problem. In addition to simulating vehicles, indi- 
vidual personnel and squads must also be simulated 
for training purposes. Targets which can provide 
full scale and reduced .>cale signatures, two dimen- 
sional and three dimensional views and be moving or 
stationary must ba  addressed. In addition, there 
must be a continuing effort tu develop a target 
which requires no external power supply to produce 
a thermal signature. At the present time, this 
task appears to be beyond the present state-of-the- 
art. However, emerging technology may provide a 
solution to the problem. 

CONCLUSION 

The development of thermal signature targets 
through PM-TRADE has provided the Army with a sim- 
ple, reliable and effective tool for training gun- 
ners to use the therm?! sight- Efforts will con- 
tinue to develop an improved target with particular 
emphasis on power requirements. The ideal situation 
would be to have a thermal target that required no 
power. However, unless a major breakthrough occurs, 
some form of power will be required to generate a 
thermal signature. The object of future efforts 
will be to reduce the power requirements to the 
lowest level. 

Even as an  interim solution, the TVI thermal 
signature target is a vast improvement over pre- 
vious, antiquated techniques such as heating tar- 
gets with charcucl fires or smudge pots. Charac- 
teristics such as quick installation, convenience 
in handling, low cost, modular form, and the 
ability to withstand several hits from tank main 
gun rounds make the TVI thermal signature target 
an  extremely viable solution to the thermal signa- 
ture target problem. 
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ABSTRACT 

Fr-r years we have looked at the pilot, zr>d (in our infinite wisdom), have decided among ourselves that 
the more a simulator looks, feels and smells "ike an aircraft the more capable a training device- it 
will be. Granted, we have made great leaps forward in computer, visual and motion system 
technology, and convinced ourselves and many others of the great future of aircrew training devices. 
However, somewhere along the way to selling ourselves and the rest of the world, we forgot to convince 
the pilot. T^is paper takes a figurative walk through the last 20 years in the simulator world. It 
looks "back through the microscope* from the pilot's point of view. The accusation is that (despite 
our good intentions) we have 1) overestimated the simulator's capabilties; 2) failed to plan 
adequately for its use; 3) overemphasized fidelity in the place of training capability; and 4) 
overcomplicated these devices by trying to incorporate too many *whistles and bells."' In doing so 
we have developed pilots who aren11 fighting to f fly ^simulators. The basic recommendation is that 
we as developers, buyers, and managers of aircrew training programs might better serve the pilot's 
and our needs if we did a better job looking at the simulator as part of a total training program 
rather than as an end in itself._ 

The scene: a Tactical Air Command B^se somewhere 
in the southwest. The r.ew mission simulator lias been 
in operation for a month. The building is new and 
beautiful with efficient air conditioning, plush 
carpets, ard comfortable briefing rooms. It's been 
said that this mission simulator will save lives, 
f u ü, time and money. It has the latast technologies 
in*orporated into the student and instructor 
ata ions: motion, visual, electronic warfare, voice 
masking, automated instruction, and a host of other 
goodie'.. As part of a building block approach, 
additional sophisticated technologies will be 
incorporated within the next 10 years. 

Still, the pilots avoid the facility like the 
plague. Getting into the simulator ranks in the 
desired activity list somewhere just oelow child 
support, alimony, and knee surgery. Having a session 
in the simulator is something pilots avoid ii possible 
and don't admit tc if forced to. 

Hew can this be? Five years and $100,000,000 
has been spent to develop, produce and field this 
simulator. The best minds of the developers, 
producers ar*i users have supposedly been put together 
in the effort to bring these sinrlatcrs to use. 

It really seems chat something's incongruent has 
happened. I remember my first experiences with 
simulators with a great fondness and respect. I had a 
little simulator time during pilot training, but my 
first real experience was in my first assignment 
flying Aeromedical Evacuation in the C-131 (Convair 
240, T-29). 

As I understood it then, the sLmilator had been 
built in the early fifties and was oondemned in the 
late fifties. We were using it in the late sixties 
because it was the only one that had ever been produced 
and we nad to hrve something. Tc make matteLS worse 
it was designed for the Convair 240. The Convair 240 
and the nine models of the T-29 and C-131 were 
basically the same aircraft.    However,  there were 

just enough differences (primarily in the electtica! 
system) to make trying to teach all models in the same 
simulator an interesting experience at best. Talk 
about "this doesn't really fly like the airplane": 
This simulator made nonfidelity an art form! 

It's worth a few minutes to digress and describe 
this simulator. It had what I would call a first 
generation visual system: frosted windows with a 
rneostat to turn the lights up and down. This way you 
could simulate flying in clouds (lights down), heavy 
clouds (lights further uown), thunderstorms (lights 
off), lightning (lights off with strobe lights going 
on and off), no clouds (lights full on), or breaking 
through a ragged cloud layer (lights on and off). As 
an added bonus there was a visual check for an engine 
fire. If there v;as a "real" fire, as OPDOF^ tc 
faulty instrument indications- H-IC instructor could 
turn on a red r^^'ct-.^o tree light that flashed just 
sAitoiue tne side frosted window of the engine on fire. 
Eat your heart out visual engineers! 

This simulator was not lacking in aural cues 
either. The engine sound track resembled or^ of 
those World War II movies when 300 B-17's are flying 
over Potsdam. Changes in power were merely reflected 
by changes in volume. The crash noise was a classic. 
I'm just sure it originated from an Abbot and Costello 
movie. About the only thing it needed to complete the 
vaudeville image was a scream at the end and the sound 
oi one breaking glass. My favorite aural cue was ice 
on the propellers. Now it's tough to see ice on the 
propellers even in the airplane. Your only clue is 
usually the sound of the ice shedding and hitting the 
fuselage. In the simulator this was simulated with a 
small axle parallel to the outside of the simulator. 
Attached to the axle were varying lengths of spring 
wire with various size 'steel balls at the ends. As 
the axle rotated the balls would spring back and hit 
the fuselage at irregular intervals. I never had 
real prop ice, but I was sure, that if I ever did, it 
would sound just like that. 



Simulator was ahead of its time. That was in the area 
of nasal cues. I have seen simulators that people 
said "stunk", but, to this day I have yet to see a 
simulator with nasal cues. This particular feature 
was one of my favorites, and it was used in conjunctior. 
with simulating an electrical fire. No fancy 
keyboards or CRTs existed to input this emergency. 
The procedure was for an instructor to take a piece of 
insulated wire (provided) and clamp it between two 
terminals next to the intake duct for the cockpit air 
conditioning system. Current was then applied to the 
terminals and the resulting short circuit burned the 
insulation off the wire. The inevitable smoke flowed 
into the cockpit with the trainees. Now that's 
imagination and realism all rolled up into one. 
Which br"ir"]^ 'ip t-h« sifoject of the instructor 
station... 

The instructor station was really something. 
As I said before no fancy keyboards or CRTs existed. 
Neither was there auto demo, graded maneuvers or 
programmed emergencies. The instructor had before 
him approximately 500 marked swithches and rheostats 
on an electrical panel. Typically he was busier in 
the back than the guys up front controlling each 
maneuver and malfunction with a number of individual 
controls. 

What about fidelity? Now there's a laugh. The 
simulator compared to the Convair like a Porsche does 
to a Peterbilt. You fought the simulator all the 
time. Talk about ove.:control; that's what you did L-J 
the simulator. Holding a heading was like balancing 
on a beach ball. All nine models of the T-29 and C-131 
were taught in the simulator so the instrument panel 
wasn't correct for anyone. The electrical system in 
the Convair was the most crucial and the most 
difficult system to learn. In addition, the 
sjmulator didn't have all the instruments in the right 
place for any of the models. Talk about antiquity and 
negative state of the art! It was all there in our 
simulator. 

Whp>t you indy De expecting to hear is how much we 
nated the simulator, and, with all the improvements 
since then, why there isn't any reason pilots should 
feel the way they do about simulators. Actually what 
I'd like to say is that we loved it and there are some 
very good reasons wny pilots are not killing 
themselves for the opportunity to fly simulators. 

The Convair simulator was great! I always 
looked forward to a week at the simulator; even twice a 
year; even on my tenth trip. Why? Because I learned 
something and what I learned was meaningful. Well 
you ask, what was so wonderful about that particular 
simulator? 

It had a number of things going for it that more 
than compensated for the lack of technology. Many of 
these things are not present in our simulator programs 
today. First, the emphasis was that the simulator 
was part of the training program. Now this may seem 
obvious, but in many cases it is not. Our week at 
Scott was not one simulator ride after another. The 
simulator was merely a tool used in a refresher course 
which emphasized system operation and emergency 
procedures. Simulator rides were used to 
demonstrate principles learned in class, emphasize 
systems lessons, demonstrate malfunctions and give 
the pilot a chance to practice what he had learned. 
BJC Simulator w^s DOS. ibe training program. 

training program, there was no attempt to teach 
everything in it. If the simulator did not have the 
capability to enable training a particular maneuver 
there were not any sq.iares to fill to show that we 
tried. 

Third, the simulator was used to make what flying 
time we did have more effective. Even in 1967, flying 
time was not in abundance. What limited training 
time we had was valuable. We used the time in the 
simulator to train to a le^el commensurate with the 
simulator's capabilities. It was never considered 
that we would use simulator time to replace flying 
time. We needed the simulator time to make our flying 
time more meaningful, productive, and safe. 

Fourth, _r.d this ooes ale no with tv*> anH t-hrr>p>. 
we didn't worry about "fidelity" as an end. The 
important thing was the ability to train a particular 
maneuver effectively. Sure, it handled poorly, but 
it was understood that, if we could fly the simulator 
and handle emergency and instrument procedures, the 
real thing would be a breeze. From experience I can 
tell you that this was true. 

Fifth, and probably most important was the 
ability and attitude of the instructors. Teaching in 
the simulator was not rotated among whomever could be 
conned into teaching in the simulator. The simulator 
instructor position was a truly selective position 
and individuals who were assigned to the position were 
the ones who had the inside track for good report cards 
and promotions. As a result, we rarely lacked 
quality instruction. The instructors were profes- 
sional, knowledgable and excellent teachers. This 
made a real difference. As a testimony to the 
quality of this program, the simulator was giver much 
of the credit for over 500,000 accident-free flying 
hours that the 375th Aeromedical Airlift Wing enjoyed 
operating 20-year old aircraft. When the aircraft 
were retired in the early seventies, their accident- 
free record remained untarnished. 

So what's the point? What can we learn from this 
experience? For years we've been meeting like this 
and telling each other what wonderful things we're 
doing, have done, and hope to do in the future for the 
simulator world. In the process, we've looked at the 
pilot "through a microscope." We've analyzed him, 
scrutinized him, and studied him. We've studied his 
aircraft, his mission and his bodily functions. 
We've made great strides in technology, digitized 
computers, expanded fields of view, increased 
resolution and focussed on fidelity. Our reward for 
all our work has been a pilot who would much rather 
play "pac-man" than train in our $10-$100 million 
electronic training devices. Have we done something 
wrong? If so, where have we gone wrong? How can we 
do it better? Certainly with the quality of our 
equipment our programs should be able to easily exceed 
the effectiveness of earlier programs like Air 
Evac's. To me the problems are observable, 
predictable, and correctable...but not easily. 

These problems are tied up in four words: 
1. Overestimate 
2. Underanticipite 
3. Overemphasize 
4. Overcomplicate 

There isn't any one sector that can be identified as 
the guilty party. Everyone, yes everyone, has had a 
part. These include developers, the contractors,, 
acquisition agencies, the Pentagon, command 
headquarters, testing agencies, requirements people, 
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and...yes...the pilots themselves. 

The first word is overestimate, specifically the 
simulator's capability to meet all our needs in a 
certain limited time. To me this tendency started 
with the oil embargo in 1973. Ever noticed how 
fashionable it is these days to trace all our problems 
back tc the Arab oil embargo. Anyway, up until then, 
simulators had been going along fine in their proper 
role and gaining in capability. Then someone got the 
bright idea that we could use simulatois to 
rep]ace flying time rather than just increasing the 
effectiveness of it. Therefore the more we used 
simulators the less we needed airplanes and the more 
we could save gas. The conclusion was that 
siiMülators were pretty nnrri but many dreamed that with 
some good old American ingenuity simulators could be 
developed so that pilots would never have to leave the 
ground...except in an emergency, of course. 

This led to a flurry of technological efforts and 
flight hout tradeoff studies. Some elements of the 
Air Force committed themselves to givxny up flight 
hours in exchange for a certain simulator capability. 
These estimates were based on projections of the 
expected technological advances. Unfortunately the 
technology was not all that was expected as soon as 
expected. Furthermore the estimates had been fudged 
a little to make the case look better because surely 
they wouldn't take avay all that flying time. 

Now consider the pilot. He knew instinctively 
that he could not minimize his flight time to the 
extent that his proficiency deteriorated. But 
everyone said "Trust me, you'll really be impressed 
with its capability.    Reluctantly, he said M0K". 

rive years later the simulator arrives. It's 
two years late and the flying hour cuts have taken 
place two years earlier. Unfortunately the costs of 
the full visual capability have escalated and it's 
been cut from the program. Besides there wasn't 
enough spare memory in the computers to handle the 
visual system. Also the flying qualities aren't the 
same as the airplane because the simulator was built 
on design data, and flight data wasn't available until 
after the critical design review. That was four 
years ago but the program cculdn't afford the cost 
growth that would be required to use flight test data. 
Or we have the flight test ;3ata but it doesn't have 
enough data points or our sampling rate needs to be 
larger or any number of a myi lad of technical reasons 
why it isn't quite right or wasn't deliver€?d on time. 
The base newspaper has an article about the simulator 
and says that it has just passed its reliability 
testing with flying colors, However, one-half hour 
into the first mission it has five computer halts 
These are explained as merely software "gliches" that 
were not reflected in the reliability data because 
software does not fail., I could go on and on, but why 
beat a dead horse. Simply classify t under the first 
word:    We overestimated what we could do. 

The second word is unde:anticipate. It could 
also be three words: lack vi planning. It seems in 
the last few years many simulators arrive on base ]ust 
about the same tine as the training syllabus. On? of 
the mat things about the Air Evac simulator was that 
it was fiaj& of the ground training program. It's 
obvious that the training program should be 
conceptualized and then it should be determined where 
a simulator or othei training device could be used to 
effectively train what has to be trained. Trainer 
features seen, to be obtained like someone m the 

grocery store without a list: whatever sounds good 
is what we order. There seems to be minimal thought 
placed in (1) developing a syllabus, and (2) 
requesting those features which will best fit in with 
that syllabus. 

Overemphsize is the third word and fidelity is 
the one that goes along with it. Simulation is 
exactly that: simulation. By definition, no 
simulator will ever have total fidelity. 
Furthermore• total fidelity doesn't guarantee an 
excellent training device. The real airplane has 
complete fidelity, but is only an excellent training 
device with a competent instructor. The Air Evac 
simulator had very little "fidelity", but the way it 
was used made it an extremely capable training device 
with a ^reat deal ot training cdpobility. Our 
preoccupation with "fidelity" has driven up the cost 
and complexity of simulators and detracted from their 
training capability. 

Consider the- pilot in the field again. He hears 
everyone talking about fidelity. Therefore, when he 
goes to the simulator ne' s looking for something to be 
not quite like the aircraft. He doesn't have to look 
far, and, no matter how much money we spend, he will 
always be able to find things that are not quite like 
the aircraft. And, if all we're concerned about is 
fidelity, we can certainly get that much cheaper and 
quicker in the aircraft. Rather we should talk 
craining capability. That's what we're after, isn't 
it? And, it should be training capability for those 
portions Oi the mission for which the simulator is 
best suited and designed. 

The last word is overcomplicate, and it's really 
a synthesis of the other three. Our preoccupation 
with fidelity leads to expensive systems that are 
difficult to maintain and costly to operate. 
Furthermore we deemphasize training capability. Our 
failure to design the training program in advance of 
the simulator leads to the "give me everything there 
is and we're bound to build an effective training 
program" approach. The problem is that it's always 
too expensive, something always gets cut, and there is 
no way to evaluate what is most inportant because 
there isn't any training progi :uti with which to compare 
it. A good example is that nany of the instructor 
stations have many expensive, under utilized systems. 
Had there been a development of the training program 
first these could have been identified as unnecessary 
and the funds diverted to other more valuable 
features. 

Well, those are the probier..; as I see them. And 
it has been said many times that anyone can be a 
critic. What do you do to make it better? The first 
recommendation is, of course, to design the training 
program fjust. The simulator should then be 
appropriately integrated into the training program. 
This is rot new advice, but it still holds true* With 
this kind of approach you can take a look at the tasks 
you need to train most and let the developer work to 
obtain that capability. This also precludes the 
tendency to ask tor the moon. 

Secondly, be realistic with schedules. The 
acquisition agency puts out a request for delivery of 
a simulator in three years, knowing this is an 
unattainable goal. The rationale for this procedure 
is based on deliveries being historically late. The 
contractor, to ensure contract award concurs with 
tnis schedule. 
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Don't forget the software, documentation and 
spare part?-. As a pilot I must admit these are 
three iuzzy-wuzzy areas in my mind except wnen the 
simulator doesn't work, breaks down and can't be 
fixed. Mvirnbo-jumbo about the reliability figures 
do not consider software failures as failures, the 
level of documentation that we ordered doesn't 
cover this, and "this part has 'downed' the simu- 
lator but we won't be able to get it for six 
months" doesn't build confidence in the capability 
of these devices. 

The last one is probably the toughest one and 
the key fcn tb«3 whole program: obtaining good, 
motivated, exceptional instructors. This involves 
changing an entire attitude about sinulators. 
In many cases, simulator programs have become the 
dumping ground for passovers. And if they're 
not passovers when they get there, they are soon 
after because they are not recognized for their 
contributions. 

Simulators have considerable capabilities. 
They can enhance and improve any training program. 
The important thing to remember is they cannot 
replace an airplane, or enhance a poorly conceived 
and executed training program. Thank you. 
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ABSTRACT 

The purpose of this paper is to delineate the various responsibilities and inter- 
relationships of the agencies involved in the acquisition of a major training system. 

ifrs th»:"f*Ma-sucwests^ ^his paper will emphasize the role of the user as perceived by 
the materiel developer.^ Discussed within the n?ppr will be these interrelationships 
as they exist with a major Army training system acquisition. The participants will De 
identified, the four phases of the acquisition process will be presented and a dis- 
cussion of the role of the user in this process will be highlighted. Also covered 
will be the user's role in the development of Front-End Analysis (FEA) materiels and 
Task and Skills Analysis (TASA) documentation. In addition, a common vocabulary will 
be included to establish a basis of understanding and suggestions will be offered on 
problems which need heightened interest and tracking during the design, development 
and acquisition processes.. 

INTRODUCTION 

In Army training system development, there are 
primarily four groups or agents who play a crit- 
ical role. These include the materiel developer, 
the training developer, the user school (or pro- 
ponent) and the selected contractor who will pro- 
duce the training system or device. Although 
there are numerous other agencies and participants 
in the entire training system acquisition cycle, 
for the needs of this paper, only these four crit- 
ical participants will be addressed. Once identi- 
fied, the role of these aqencies will be matched 
to the acquisition process itself. Focusing on 
the user proponent and its role in the process, 
suggestions will be offered as to how a more pro- 
ductive relationship between agencies may be 
obtained. The user's role in the development of 
FEA end TASA materiels will also be addressed. 

ACQUISITION CYCLE PARTICIPANTS 

A description of the four participants iden- 
tified as critical for this discussion can be 
found in the PM-TRADE Training Device Acquisition 
and Life Cycle Management Guide as prepared +'ur 
the Project Manager Training Devices, U.S. Anny.'7' 
For ehe purposes of this paper, these participants 
are the Training Developer, Hateriel Developer, 
Proponent School (User) and selected contractor 
who will develop the training system or  device. 

Tne Training 3eyeloper is that agency respon- 
sible for the formulation of training concepts, 
doctrine, organization, training objectives and 
requirements for the training of U.S. Army rorces. 
This command or  ?qency is responsible for trie 
development and conduct of training which will 
provide the skills necessary to operate and 
logistically support materiel systems beinc 
developed. In most instances, *'ie principal 
Traininy Developer is the U. S. Army T-ain;;ng 
and Doctrine Command (~RAD0C). 

The Materiel Developer is the element respon- 
sible for research,'development, production and 
production validation of a training d?vice. In 

most cases, the Project Manager for Training 
Devices is the principal Materiel Developer. The 
Project Manager (PM) of the systems involved (e.g., 
M-l Tank, U.S. Roland, Firefinder, AH-34) is 
generally charged to oversee :he total project and 
provide funding. Working with and within this 
agency is the Project Director at PM-TRADE who is 
assisted by the Naval Training Equipment Center. 
The responsibility here is to turn a proponent 
school's (user's) training requirements into 
specifications for inclusion in a Request for 
Proposal (RFP). This is the document that provides 
a description of the items to be procured. It is 
a request for a manufacturer to submit a proposal 
bUpported by a cost breakdown. By directing this 
effort, the Project Director is considered the 
driving force for PM-TRADE in the accomp"!ishment 
of the mission of training device acquisition. 

The Uj_er (or proponent school) is designated 
as the command, organization, or unit that i.» to 
receive the training system or device from pro- 
duction for use in accomplishing a designated 
mission. The user provides guidance to the 
materiel and training developers during the train- 
ing device acquisition process on matters pertain- 
ing to the expected operational employment and 
logistic support. Although not always, the user 
or proponent is normally the agency who supplies 
to HQ TRADOC a training device requirement for 
validation. This validation process encompasses 
the establishment of a Joint Working Group con- 
sisting of representatives of PM-TRADE, USATSC 
(U.S. Army Training Suopcrt Center - the training 
device focal point for TRADOC), and the Proponent 
School (Armor, Infantry, Air Defense, Artillery, 
etc.) with the DARCOK-PM (Dent. Army Readiness 
Command-Project Manager). It is the Training 
Device Requirement (TDR) document prepared by 
TRADOC which gives operational, technical, and 
cost information necessary to obtain Headquarters, 
Department of the Army (HQDA) approval. When 
approved by HQDA, the TDR is the document of 
record of the Army's requirement and will contain 
the guiding factors against which cevelopers and 
contractors neet the user's needs. 
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partnership, company, corporation or association 
having a contract with the procuring activity 
(usually PM-TRADE with the contracting auspices 
of Naval Training Equipment Center) for the design, 
development, manufacture, maintenance modifica- 
tion, or supply of items under the terms of a 
contract. In the caie of a training device, this 
participant builds ttn hardware and develops the 
training scenarios ant' software as per the specifi- 
cation requirements of the contract. This is the 
legal agreement betweei the Government and Industry 
for the acquisition of the device needed. 

Within this paper, these four participants 
will be of concern with the user's role high- 
lighted, in particular with respect to the train- 
ing device acquisition process. 

TRAINING DEVICE ACQUISITION PROCESS 

The training device acquisition process con- 
sists of four distinct phases. They include (1) 
Need Identification - Concept Formulation Phase, 
(2) Demonstration and Validation Phase, (3) Full- 
Scale Engineering Development Phase, and (4 Pro- 
duction and Deployment Phase. 

The Need Identifiestion - Concept Formulation 
Phase is where training voids, new training needs, 
and technological forecasts are identified by the 
Training Developer to determine the training capa- 
bilities, doctrine, organization, or potential 
training devices that will improve the training 
of the Army. The Demonstration and Validation 
Phase is where technical concepts are validated to 
deU'niine if they fulfill the needs or voids that 
were identified and that training effectiveness is 
achievable. In the third phase, Full-Scale 
Engineering Development Phase, the training device 
or system is fully developed, engineered, fabri- 
cated, tested and a decision is made whether the 
item or system is acceptable to meet the require- 
ment. In the fourtn and final phase. Production 
LnA£e£l0Xnl^nl Phase, the training system or 
device is procured and distributed, individuals 
or groups are trained in its use, and logistic 
support is provided. Within these phases, 
normally the procurement and contract administra- 
tive services are provided by. or through, the 
Contracting Officer from the Naval Training 
Equipment Center, Orlando, Florida. 

LINES OF RESPONSIBILITY 

After examining the participants and the 
process of training device acquisition, it would 
be helpful to discuss the working relationships 
involved. Establishing clear lines of respon- 
sibility and coordination, plus review Z^.Q 
guidance channels among the participants in the 
acquisition process is difficult at best. The 
sy. tern for achieving this coordination is 
theoreticaliy in place, but more often than not 
during the acquisition * a major training system 
or device, mar./ of the , articipan*s at one time 
or another are "overtaken by events" and these 
channels ine.itably break down. This breakdown 
can be caused by a number of reasons - it could 
be simply a IdcV of communication and/or the 
inability to establish clearly defined lines of 

ticipants in the acquisition process is one uidi 
requires dedicated coordination and clearly defined 
areas of responsibility to ensure timely and 
accurate input into training requirements and the 
resultant training system or device development 
needed to fulfill these needs. A breakdown between 
developer and user; between developer and con- 
tractor or any combination of participants, could 
result in an inadequate or inappropriate develop- 
ment procuct. 

THE USER'S ROLE 

The user's (or proponent school1',) involvement 
in the acquisition process should be one of active 
participation from the early stages of requirements 
definition and TOR development up through and 
beyond the actual design, development, acquisition 
and delivery of the training system or device. 
The user's role begins with the initial identifica- 
tion of a training need. At this point a complete 
FEA should be conducted by the proponent to 
determine how the training system or device would 
fit into the total training program. This analysis 
addresses the how, who, when, why and where aspects 
of the proposed utilization of the training system 
or device.'-^ Because the Army is committed to 
the "Systems Approach" for the development and 
acquisition of major materiel Hrms»(4) "it is 
mandatory that the user be versed in the Instruc- 
tional Systems Development (ISD) process and be 
able to work confortably within its guidelines. 
Front-end analysis as part of the ISD process has 
beer described as the "interactive process by 
means of which the requirements of a system may be 
progressively more definitive and brought more 
sharply into focus. "^  This implies that FEA is 
an on-going and dynamic process that requires the 
authors to up-date and "fine tune" the information 
presented as the knowledge base about training 
requirements w6  reeds expand. In most cases, 
part of this requirement e .«lysis will include 
Task and Skill: .Ara lysis v FASA) of a present or 
nearly deployed we.v'on system for use in the 
development of a lequired training device. This 
Task Analysis will not only serve as a basis for 
the Training Device Requirement (TDR) but could 
conceiveably be part of <^ government, deliverable 
to the contractor to form a baseline from which 
to work. It is because of the fact that the 
acquisition process embraces all phases from 
inception of a training need to completion of a 
contract^) that tne quality of the front-end 
input is so important in the success of develop- 
ing a needs responsive device or training system. 
Central to this idea of quality input, is the 
associated need of  continued input and crwmunica- 
tion between user and materiel developer' through- 
out the acouisition cycle. This is most critical 
when the materiel developer is monitoring and 
reviewing the work of the contractor. As an 
example, after contract award and during actual 
development of 3 training device, problems some- 
times arise concerning the exact definition or 
training intent for the device that is. to be 
procured, or possibly a change in training needs 
nas developed. The quality of communication and 
input, that, takes place between ehe materiel 
developer and user can determine the effectiveness 
and useability foi the training device when 
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delivered. A lack of quality input or a lack of 
timely input can both result in inappropriate 
training design and can slow the development pro- 
cess, possibly causing additional ex nse. As 
mentioned before, clarification of u-er need is 
dynamic and always improving in terms of pre- 
cision and accuracy of training requirements. 
Certainly, the use»" can be instrumental in help- 
ing the materiel developer make critical deci- 
sions on sieh items as; which task to train, 
review of instructor display formats on training 
devices and the requirements for student perfor- 
mance records, to name just a few.O) The 
addition of this requirement to the school's list 
of responsibilities - platform instruction, train- 
ing extension courses, field manual development, 
and training device requirements development, 
etc.(3) is indeed a tall order, but one that will 
pay dividends in the form of increased training 
effectiveness of the devices being developed. The 
better the quality and timeliness of the school's 
input to the materiel developer during this stage 
of the acquisition process, the better the quality 
of the device itself. 

SUGGESTIONS FOR IMPROVEMENT 

If the user schools are to provide the needec: 
input to the acquisition cycle in both a quality 
and timely fashion, it is necessary that they be 
supplied with the needed resources and personnel 
to do the job correctly. It is important that 
the members of the acquisition team do nbt have 
their abilities and energies stretched too thin. 
Subject matter experts, tacticians, instructors 
and instructional system developers are needed 
to supply the required information. Those indivi- 
duals assigned the responsibility for these' areas 
must also use their role as decision-makers. 
Their opinions and direction are required to help 
improve this training device acquisition cycle. 
When these qualities are lacking, the materiel 
developer and others involved in the acquisition 
process are left to their own devices to secure 
the appropriate answers. A deferred user decision 
is a decision someone else will make. The user 
will be ultimately required to live with this 
decision. 

A second improvement could be made if a better 
system of "corporate memory" were instituted within 
the schools. This might be achieved by maintain- 
ing a more stable caore of individuals who can 
stay with a project from inception to completion. 
This would help solve the "learning curve problem" 
and "memory loss" associated with a high turnover 
of personnel. Working with the materiel develope1* 
and all members öf the acquisition process, the 
user must keep abreast, of program direction and 
maintain a steady flow of input. This will assure 
that the school's views and ne»ds are  kept in 
the forefront. To do this effectively, it is 
mandatory that the "corporate memory'1 of the 
school be maintained and when personnel changes 
Arc  required, a conserted effort is made to bring 
the new member up to speed, and to enable him to 
become a productive, contributive segment of 
the team. 

A final suggestion would be the improvement 
of  the communications liru between the matt-riel 

developer and the user b^hool. All too often 
vital information needed for !^e steady pro- 
gression of the acquisition cycle "fund's the 
creeks and falls through" for lack of an efficient 
communications link  Establishing e/more efficient 
communications network between the Developer and 
user could go a long way in improving the recep- 
tion and use of the delivered materiels. It must 
be stressed that the responsibility of seeing that 
this communication link exists is as much the 
school's responsibility as it is :he materiel 
developer's. In fact, it is in the school's cr 
user's best interest to keep this link connected 
and used to its fullest bene'f'i't'- When the user 
keeps the developer informed anö up-to-date as to 
what the user's needs are, everyone benefits. 

CONCLUSIONS 

The user's role in major training system 
acquisition from the perspective of the materiel 
developer is one of active participation from the 
early stages of requirements definition to 
delivery of the training system. Quality and 
timely input at all required stages of the process 
will pay returns in the form of a training effec- 
tive product. Tn this respect, it is vitally 
important that the user assume a leadership role in 
providing the necessary information concerning FEA 
and TASA materiels needed to develop an effective 
system, and continue this role consistently 
throughout the entire process of training needs 
identification, design, development and acquisi- 
tion of the system involved. Given the expertise, 
dedication and ability of the personnel at the 
user schools, it is imperative that an effective 
communications link be established between 
developer and school to tap this invaluable 
resource and use it to its best advantage during 
the training system acquisition process. 

GLOSSARY 

The list included here is intended to 
help establish a common base of defini- 
tion of some of the terms used through- 
out the acquisition cycle. Although 
not all inclusive, this list includes 
many of the terms used in this paper. 

acquisition Life Cycle. Normally consists of tour 
*.ses (Concepts," Validation, Full-Scale Engineer- 

ing Development, and the Production and Deployment) 
with key decision points reacned at program initia- 
tion and between each of the phases for major 
systems. These phases cxolain a normal acquisition 
path, not a prescribed path, which all programs 
must follow. A program may skip a phase, have 
program elements in any or all phases, or have 
multiple decision points per phase 

Materiell Developer (MDj. The command or agency 
responsible for research, development and produc- 
tion validation of a system (to include the system 
for its logistic support) which responds to HO DA 
objectives and requirements. Materiel developers 
designated fror.i the following, with specific 
responsibilities assigned as appropriate: Chief 
of Fngineers, The Surgeon General; CG DARCOM. 
CG USACSC: CG USAINSCOH: and CO. U.S. Army 
Research Institute (ARM. 
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Product Manager (PM). The individual, designated 
by a Materiel Developer, who is delegated 
authority and assigned responsibility for central- 
ized management of a particular development/ 
acquisition or other specified program that does 
not qualify for system/program project management 
but requires some degree of centralized 
management. 

Project Manager (PM). Ar. ind/idual, chartered 
by the CG. DARCOM, who is assigned the responsi- 
bility and is delegated the full-line authority 
for the centralized management of d  specified 
development/acquisition project. 

Proponent School. The TRADOC school designated 
by the CG, TRADOC, to exercise supervisory manage- 
ment of all combat/training development aspects of 
a materiel system. 

Request for Proposal (RFP). Request for the 
manufacturer to submit a proposal supported by 
a cost breakdown. It providps a description of 
the items to be procured. It may include 
specifications, auantities, time and place of 
delivery, method of shipment, packaging and 
instruction manual requirements, materiel to be 
furnished, and data requirements, both logistic 
and administrative. 

Training Developer. The command or agency 
responsible for the development and conduct of 
the training which will provide the skills 
necessary to operate and logistically support 
materiel systems being developed or otherwise 
acquired. (For most equipment, thib is TRADOC). 

Training Device. Any three-dimensional object 
developed, fabricated or procured specifically 
for improving the learning process. Training 
devices may be either system devices or non- 
system devices. Items which simulate or demon- 
strate the function of equipment or system such 
as three-dirrensional models, mockups, or exhibits, 
and are designed, developed, and procured solely 
to meet training support requirements. They are 
further defined as follows: 

(a) System devices are designed for use with 
one system or item of equipment, includ- 
ing subassemblies and components; e.g., 
launch effects simulator ^or the TOW 
missile system and Shillelagh Conduct of 
Fire Trainer (COFT) for the M551, etc. 

(b) Non-system devices are designed to 
support general military training and/or 
for use with more than one system or item 
cf equipment, including subassemblies and 
components; e.g.. Multiple Integrated 
Laser Engagement system, etc. 

Training Device Acquisition Process. A sequence 
of specifieu decision events and phases of 
activity directed to achievement of established 
program objectives »r, the acquisition of training 
devices and extending from approval of a training 
need through successfu' deployment of the system 
or  termination of the program. 

Training Ae.vVce_^iLuJ/^erLL.(JP^}- Ä document 
prepared oy TRADOC with the assistance of 

PM-TRADE which gives operational, technical, and 
cost information necessary to obtain HQ PA 
approval. When approved by HQ DA, the TDR is the 
document of record of the Army's requirement and 
will contain the guiding factors against which 
developers and contractors meet the user's needs. 
A HQ DA-approved TDR supports the expenditure of 
RDTE and/or OPA funds for development and/or pro- 
curement of the training device. 

User. The command, organisation, or unit desig- 
nated to receive the training device from produc- 
tion for use in accomplishing a d2signated mission. 
The system is included in the user's TOE, TDA, or 
in an appropriate Common Table of Allowances (CTA). 
The user provides guidance to materiel ana train- 
ing developers during the training device acquisi- 
tion process on matters pertaining to the expected 
operational employment and logistic support. 

NOTE: These and other definitions which are use- 
ful in understanding the acquisition process and 
the role each participating agency plays in its 
completion, can be found in the Training Device 
Acquisition Management Model (TDAMM), prepared 
for the Project Manager Training Device-, United 
States Army. 
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SAVE OUR SIMULATORS  (SOS):  A DISTRESS CALL FROM AN OPERATIONAL USER 

CDR. Kevin M.  Smith,  USNR 
COt'FITAEWWINGPAC Staff 

NAS Miramar,  San Di  go,  California 

ABSTRACT 

This paper discusses seme of the problems experienced by cperaticnal users  in their 
efforts to obtain maximum training benefit from Advanced Flight Simulators.    The    major 
shortcomings of simulation training identified here are n<^t the  result of state-of-the- 
art technology limitations.     In fact, many of the training difficulties encountered by 
simulator users today may have been avoided if greater attention had been given to defining 
Mission and Task Requirements during simulator design.    This suggested emphasis en Mission 
indicates a change of mind-set is needed that focuses en explicit cperaticnal  requirements 
as well as the more conventional technical approach.    After analysis of typical simulator 
training problems,   it  is concluded that simulation training could benefit substantially 
through greater cons ide rat ion to front-end analysis during simulator design,  and by pro- 
viding training personnel with well designed instructional programs that includes an 
objective Performance Measurement Systenv 

INTRODUCTION 

Training aircrews in such complex tac- 
tical mission areas as Air Combat Maneuvering 
(ACM) has always been difficult at best. 
This is largely because of the dynamics and 
complexity of these mission environments: 
Multiple interrelationship? among numerous 
systems must be perceived and . /uiaged,   plus 
the need, during critical phases,  to process 
substantial information and respond to mani- 
fold task  requirements. 

Until recently,  this  "higher order" 
training was enly possible during actual 
aircraft operations, with the built-in limi- 
tation of not being able to adequately inter- 
ject sophisticated threat systems into 
specific training missions, as well as the 
lack of a means to repeatedly practice 
complex mission tasks. 

Background and Discussion 

Simulators lave been around for quite 
same time,  and most of us (military aircrews) 
have learned to fly utilising a certain 
amount  of synthetic flight training.    They 
have until very recently been designed pri- 
marily  for instruction  in such areas as: 

- Standard Operating Procedures  (SOP) 

- Bnergency and Irregularity Procedures 

- Instrument Flight Procedures 

- Weapons System Operational Procedures. 

Procedures oriented training was,  there- 
fore, about as much as we could expect  from 
available simulation design capability. 

However,   the near revolution  in  computer 
technology has changed this. 

Driven Largely by advancements  in infor- 

mational display technologies,  simulators are 
now capable* of providing for "Higher-order" 
mission  related training previously not pos- 
sible. 

In vic^w of such advances we would assume 
that cperaticnal training personnel would be 
welcoming these devices with open arms.    Un- 
fortunately,   this  is not the case.     Indeed, 
many  'customers'  of these advanced training 
devices hold them in low esteem.    But, why 
is this so?   What, exactly is the problem? 
And what,   if anything,  can be done to improve 
this  low customer acceptability? 

"Various significant problems  in operat- 
ing this air combat simulator have become 
manifest.    Among these include:   inadequate 
implementation of  instructional design  fea- 
tures; poor design of the operation  (fea- 
tures)  of demo and debrief equipment and 
procedures   .   .   .   .and demonstration creation 
process  lengthy and difficult to perform. "'1' 

The above statement was extracted  from a 
formal qualitative  review of a recently in- 
troduced Fuli Mission Flight Simulator de- 
signed to support Navy fighter training.    A 
close  look at these and other sind la r pro- 
blems  reveals that  (1) they are endemic to 
the  recently introduced clans  of advan^d 
flight simulators designed to instruct  in 
complex mission areas,  and  (2) these problems 
are largely cperaticnal,  vie* technical  in 
natu re. 

In addressing these  "operational" diffi- 
culties,  this paper attempts to pinpoirt sig- 
nificant problem areas jnd their underlying 
causal   factors -Auch are  resulting  in  low 
customer acceptability.    Additionally,   a new 
conceptual   approach  for viewing advanced 
simulation system L«* suggested,  as well as a 
discussion, of the pos&iole application   £ 
this  conceptual  framework  in subsequent 
desi<ji »vi/or mcdificatiultH  to thesa sophis- 
ticated training systeij«. 
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It should be emphasized that  it  is not 
the intention of this treatment of simulation 
design to single out and criticize any  indi- 
vidual group or place anyone in bad light. By 
candidly discussing certain operational dif- 
ficulties and suggesting a possible course of 
action it  is hoped that a dialogue can be 
established between operational users and the 
siumlator design oarmunity in order to im- 
prove overall mission performance of these 
important  training systems. 

Problem Statement 

While it was  orginally believed that 
most simulator shortcomings were either the 
result of technological  limitations or to a 
lesser extent funding constraints,  a recent 
problem analysis conducted by the author 
revealed that nany major systems deficiencies 
fall substantially oatsiue these categories. 
Our major difficulties,   it seems,  do not stem 
frcm these areas - cur technology is maturing 
nicely and considerable f nding appears to be 
ava:I ible  for adequate design - but stems 
lar;   i/ frcm the absence of a coherent  "mis- 
sion   :ogic" to drive the cognizant simulator 
design.    Moreover,   since this conventional 
design process usually commences with design 
specificatiens which  remain largely tech- 
nical,   inadequate focus is provided for many 
critical rnissicn  requirements.    Consequently, 
important mission considerations during the 
ccncept.ua 1 design phase are either super- 
ficially addressed or totally ignored. 

A comprehensive analysis of simulat ;r 
problems brought to light the following 
fundamental areas where significant efforts 
should be directed. 

o A change of mind -set appea rs to lie 
needed to move frcm an exclusive tech- 
nical  focus  to a broader view which 
fully embraces mission  requirements and 
instructional design  requirements as 
well. 

o A mechanism is needed to spotlight cri- 
tical mission areas,   thereby bring it. j to 
bear appropriate  resources so that 
enhanced training can be conducted to 
improve performance in these critical 
regions. 

Although many of our advanced full mis- 
sion simulators are experiencing certain 
technical difficulties, mast of these are 
either being corrected or corrective action 
is being canteitplated.    On the other hand« 
fhe difficulty of many of these rame devices 
to adequately instruct  «n important mission 
anvjs for which t)*?y are designed,  pases a 
more serious prdDyjm heavise  it striker  ^t 
t)\e wry lieart    d  t)v_ conventional design 
process.    For <?xaiple,  a  recently installed 
full mission flight simulator for West Ccaet 
Navy fighter training exhibits the fol lowing 
"mission  related" deficiencies yhioh,   it 
appears,  should have been addressed during 
the 'original c*.*£icn ptocess.^) 

Mission Area 

One  vs.  One 
Tactics 
(lvsl) 

Missile 
Envelope 

Missile 

SAM Defense 

Advanced ACM 
Tactics 

lew Altitude 
ACM 

Overland ACM 

Basic Problem 
Scenarios 

Engagement 
'jeomet ry 
Analysis 

Sortie Debrief 

Deficiency 

o Only two models used for 
Wide Angle Visual   (WAVS) 
presentation.    Need addi- 
tional aircraft models to 
simulate full threat 
spectrum. 

o Mr-to-air threat missiles 
are not simulated.  Need 
reasonable inventory of 
threat missile systems. 

o Missile firing light 
source  lacks accurate 
fidelity.    Need improved 
visual presentation. 

o SAM does not  fly profile. 
Also need an expanded 
inventory  of "real world" 
SAM threat systems. 

o Capable  of only lvsl. 
Need expanded capability 
to include lvs2,  2vsl at 
minimum. 

Inadequate ground growth. 
Need visual method to 
determine altitude in 
simulation of  'real world' 
conditions. 

o System is  locked into an 
overwater mode.    Need both 
land and water. 

o System unablo to run de- 
sired scenarios due to 
unreliability and  inade- 
quate design attention to 
thus area. 

o System receni  feature 
limited to 1 hour.       3- 
hour minimum needed to 
cover all desired 
scervnrios. 

o Threat bogey cannot te 
scenarioized  (directed) to 
demo is träte classical 
adversiry maneuvers.    Need 
capability to provide this 
important training  re- 
qu; rement 

o System «ploys wholly in- 
adequate perionrance 
measu rement   sy s tern. 

A somewhat  .afferent   system also 
utilized for fighter tactic* training exhi- 
bits similar si tort comings: ^ • 

O    Inadequate  instructional .tesign 
features.      Den«) and debrief 
systems inadequately designed and 
difficult to use. 
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o Adaptive maneuver logic (of threat 
aircraft) varies in performance. 

o Demo create process involves a 
lengthy procedure and is thus dif- 
ficult to perform. 

o Debrief printouts difficult to 
understand and of limited use- 
fulness. 

It appears from the foregoing that al- 
though technology plays a part., a significant 
number of identified problems clearly reside 
in tiie category of "insufficiently defined 
mission and training requirements." 

STR'JCTURED APPROACH TO FORMULATING 
SIMULATOR DESIGN CRITERIA 

The means of translating appropriate 
"mission logic" into full mission simulator 
design features suffers from a clear, well 
defined process. The need, for instance, of 
having an unambiguous and comprehensive 
understanding of the uugmzant mission prior 
to addressing conceptual design options is 
self-evident. While it would be naive to 
suggest that design teams do not design with 
the overall mission in mind, experience has 
shown that ch^se &.!ne teams ere  not provided 
with, and thus do not adequately address, 
critical mission requirements as part of the 
conceptual design process. Approaches have 
been utilized in the past to attempt to 
understand and document mission driven 
training requirements, yet an acceptable 
methodology unfortunately is not evident. 
(The ISD model is * movenent in this direc- 
tion but significant slKirtcomings exist for 
many purposes beyond curriculum development, 
due to its inability to adequately analyze 
the cognizant mission:  Most of the method- 
ology is directed to specifying tasks and 
behaviors.) One possible method, suggested 
here, is presented in the intetest of stimu- 
lating dialogue with a cpal of eventually 
establishing a structured approach to 
advanced simulator design. This proposed 
scheme, presented in t)ie broadest of brush 
strokes, follows a straightforward logic pro- 
cess outlined below (and graphically dis- 
played in Figure 1). A more (detailed des- 
cription of o-»ch element of the scheme 
follows in subsequent paragraphs. 

Structured Approadi to Simulation Desi-yi 

o Cfonduct .1 formal Mission Analysis, 
structuring tlve mission to include 
function«! sequencing, scemrios, 
task requirements ai*i perfonrwnce 
objective«. 

o Perform an Ingtructional Syst en 
Require/.fc»nt.s Analysis in order to 
select approprlate inst ructiona 1 
methods for selects»! misuion objec- 
t LVQS . 

o   Ut 11 izinq   » aystenat i c a| v*^*»ch, 

STRUCIUriED   ABROACH 

TP 
AOVANCfD  SIMULATOR   OS Sli.h 

ISRA 
1     i 

* 1 
X 

X 1 
1 1     | 

Figure 1 

conduct a Priority Analysis by 
assigning priorities to specific 
mission ar*i f^nerator task areas; 
spotlighting candidate simulation 
design features which wilJ realize 
the greatest training payoff. 

Mission Analysis 

A selected operational mission is for- 
mally analyzed by following the logic process 
depicted in Figure 2. Although space ctoes 
not permit a detailed examination of the 
methodology, the following outlines the im- 
portant steps. 

o The pro ess of analyzing a cogni- 
zant military mission oarmences 
with a «üerent - albeit, generic - 
mission statement. A mission 
statement ascribes, in broad 
terss, the purpose of a warfare- 
specific operation. 

o Functional mission hierarchies .are 
constructed next to identify mis- 
sion element •>, specifying broad 
mission tasks,, and Jepictirvi rela- 
tionships. 

o &-erall mission objectives are then 
specified for ippropriat« mission 
elements identified in the step 
alove. Objectives are needed to 
understand broad performance re- 
quirements of Ue scrutinized 
mission. 
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MISSION ANALYSIS 

MISSION 
STATEMENT 

FUNCTIONAL MISSION 3 0 
HIERARCHIES 

OVERALL MISSION 
OBJECTIVES 

SCENARIO 
DEVELOPMENT/ 

MOOELING 
<  

MISSION    TASK 
REQUIREMENTS ANALYSIS 

• TASK HIERARCHIES 
• TASK DIMENSIONS 
• DECISION    TASK 

ANALYSIS/CRITICAL 
DECISION POINT 
ESTABLISHMENT 

• PERFORMANCE 
CRITERION 
DEVELOPMENT 

Figure 2 

o   Scenarios are developed to explore 
threat-irposed constraints,  mission 
profiler,,   tactics,  critical mission 
segments and bread  res on roe needs 
to successfully carry cut the in- 
tended operation.    Functional 
sequencing,   scenario tree analysis, 
and 1\  (Probability of Kill) equa- 
tions are 'die three  common analyti- 
cal techniques utilized in this 
step. 

o   Mission-task requirements,   the last 
step in the process,  constructs task 
hierarchies,   specifies task dimen- 
sions,   identifies critical  decision 
points and relative task loading, 
and suggests task performance cri- 
teria in an attempt to fully under- 
stand detailed requirements of the 
mission. 

Instructiorytl Systqv. Requirement8 
Analysis 

An analysis of training requirements 
driven ty t)v previously outline! technique 
for analyzin»     '*» mission,   is designed to 
specify appxx      ate training tracks and 
training objectwes and relate these to can- 
didate training methods,    A convenient means 
to conduct  this analysis  is to create a 
matrix es shown in Figure 3.    A»  indicated, 
this rather straigäitforward analytical tech- 
nique specifies mission objectives (derived 
from the aforementioned mission analysis) on 
the horizontal axis vs. candidate training 
methods along the vertical axis.    Hate the 

ACM portion of the fighter mission,  selected 
for this example,  is deoonposed to a level 
sufficient for analysis and is arranged in a 
systematic sequence.      Finally,   for each mis- 
sion objective, candidate methods of training 
are identified by X-ing in appropriate boxes. 
For this paper we are concerned primarily 
with simulation, although this technique, 
being generic, appears to be suitable for a 
wide range of instructional needs. 

Priority Analysis 

After candidate training mothods are 
identified, determining candidate design 
areas based ipon the examination of critical 
mission requirements is considered the next 
logical step.    This suggested process or 
methodology is outlined below. 

o   Select aii appropriate mission 
objective (or phase) where simula- 
tor training is suggested from the 
aforementioned matrix. 

o    Determine relative importance of 
this mission phase utilizing expert 
interviews and conventional scaling 
techniques  (a one-to-ten scale 
appears appropriate). 

o    Decompose sa«. C'.ed mission phase 
into its component tasks (task 
hierarchy). 

c   Arrange related tasks into groups 
or nodules. 

c   Examine overall difficulty of these 
task ».vjlules by deterWnine, air- 
crew task loading during this phase 
of the mission as follows:* 

-Tasks performed individ'ally in 
sequence - low rating    (1-3) 

-Multiple tasks performed simul- 
taneously under relaxed time 
conditions - medium rating   (4-6) 

-Multiple tasks performed »innji- 
taneou^ly uxter increased time 
congression - high rating  (7-10) 

o   Plot mission üfportance vs task 
difficulty on conventional graph m 
shown in Figure 4. 

o   Superin^wse demarcation Unas \t\ 
the graph fomung ftxir equal 
quadrants, 

Mission rejecti\mftask nodule.« plcts 
which fall   in the ti,***r right quadrant  rapt»- 
sent  the hi<^**st j« iority areas nhere design 
efforts should he  focused as*1 Where «faximum 

*Tft*? previous mission ana lysis, having iden- 
tified critical decision points and Look 
loading will aid uns analysis consider ably. 
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INSTRUCTIONAL SYSTEMS REQUIREMENTS ANALYSIS MATRIX 

c* 

TARGET ACQUISITION EVALUATE TACTICAL SITUATION MANEUVER AGAINST THREAT NEUTRALIZE THREAT 

v.         MISSION 
^\       OBJECT VES 

NOIDATFT"\-          lACMl 
TRAINING       ^\^ 

METHODS         ^\^ 

ESTABLISH 
EFFECTIVE 

RADAR 
PROCEDURES 

»COUiRE 
TAROE' 

VISUAL 
i D 

DE'ERMINF 
THREAT 

CAI ABILITIES 

EVALUATE 
RELATIV; 

TACTICAL 
POS''   >N 

DETERMINE 

PLAN 

EMPLO» 
Af-PHOPHiME 
ENGACiEMEM 

GEOM   ?R> 
MOOE.. 

ACHIEVE 
OFFENSIVE 
POSIT ON 

ENEMG» 

RECOGNIZE DEL vE« 
WEAPON 

EVALUATE      | 
RE ATTACK 

$ 
CONVENTIONAL 

AC?T OPERATIONS - X * X X X X X X X 

' RANGE SUPPORTEC 
ACFT OPERATIONS 

V SSION SIMULATION 

" * X X X « X X < X 

X * X X * * X X X X 

OFT * X X X 

X 

CAI 

X " * X X X 

X « X < X 

j 'APE   SUDE   V1M0 

PROGRAMMED T{ »l 

« X X 

' 
X * 

PlATf OHM X 

1  
* 

Figure 3 

PRIORITY ANALYSIS 

MISSION 
OBJECTIVE 

IMPOR'UNCE 

1 

10* PRluB.Ty 

MISSION OBJECTIVE 
TASK MODULE 

DA'   Ni, 

'AS* Ol»»>CUlTV 

Figure 4 

mission effectiveness wll1 most  likely be 
achieved.    Conversely,  plots which  fall  in 
the lower left guadrant represent the lowest 
priority rating »»ggesting not nore than a 
modest investment in    resources is needed* 
An example to illustrate the above scheme 
follows. 

From the  Instructional Requiretwnts 
analysis matrix (created in part from the 

previous mission analysis):   (1)  it is deter- 
mined that the mission objective  "Determine 
Attack Plan"  is a candidate  for advanced 
simulation training; and  (2)  from expert  in- 
terviews it  is then decided that this mission 
objective's relative importance rating is 8- 
This number  is plotted along the Y axis of 
the graph (Figure 4).   (3) The mission phase 
is then deccnposel into its component tasks 
and a task molule    Determine Appropriate 1_V1_ 
Tactics to Achieve Advantage is  identified 
(Figure TJ".     (4) Determining the difficulty 
of this task module is then attempted by ex- 
amining task loading  for this mission phase. 

In this hypothetical case mltiple tasks 
need to be performed but under relaxet! time 
conditions  {largely because this objective 
occurs prior to engagement);  thus   i dif- 
ficulty rating of 6 is assigned.    This number 
io then plotted along the X-axis  (see Figure 
4).    Where t)*ese two numbers intersect repre- 
sents the relative desirability rating of 
providing instruction for this mission- 
related cask module ur.iiir.Lig ädväiiüed siiiw- 
latvon tjechnology.    »tote in this example it 
is considered  "highly desirable" to utilise 
advanced simulation systems to train in this 
area. 

The foregoing structure*! -approach is in- 
tended to provide a convenient means of 
specifying ami selecting area.-, where con- 
centrated efforts can achieve the greatest 
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training retuni-on-investment.  In other 
words, of all of the mission areas that are 
possible to simulate today, where should we 
be directing our attention? Clearly, cur 
attention, followed by our resources, should 
first be directed at the most difficult/most 
important mission areas.  In this way, train- 
ing systems can be designed tha*- speak 
directly to critical operational needs. 
Finally, it is the author's opinion that as 
our high-technology training systems beg^n to 
focus on critical operational needs, their 
acceptability as well as their utilization 
rates will show substantial improvements.* 

INSTRUCTIONAL DESIGN FEATURES 

The most obvious instructional design 
feature an advanced simulator could possess 
is a formal curriculum designed to achieve 
specific training objectives while utilizing 
the subject device. Unfortunately, this is 
so obvious that, paradoxically, it has oeen 
often overlooked. Numerous instances can be 
cited where expensive, advanced flight simu- 
lators were delivered to the fleet without a 
supporting syllabi. Fortunately, steps are 
being taken to rectify this situation and it 
appears now that most cognizant individuals 
agree on a need for a supportive instruc- 
tional program o:irplete with performance 
feedback for these modern training devices. 

*It is recognized that ultimately this 
priorization analysis must find a logical 
resting place, such as a direct aid to 
selecting generic design features of the 
system under analysis. Additional work is 
needed in this area and formal support for 
this and similar efforts is strongly 
encouraged. 

Siqnificant difficulties, however, remain in 
deciding who should be responsible for curri- 
culum development: prime contractors, squad- 
ron personnel (i.e., users) or training 
specialists. Th3se (Questions become moot 
when these devices are viewed fron a systems 
perspective. This view holds that complete 
instructional systems are needed in this aoe 
of complex mission requirements driven by 
h i gh te chn ol ogy. 

For advanced simulators this "training 
system" could include such operational items 
as: 

- Conventional system hardware and 
supporting computer software 

- Operational training curriculum 

- Performance measurement system 

- Training management system. 

There remains an unfortunate tendency - 
possibly due to a less than clear view of the 
"systems approach" - to treat only the first 
step as sufficiently worthy of the design 
team's attention.  If we can at least ten- 
ts ively agree that as sophisticated instruc- 
tional devices, full mission simulators ought 
to come equipped with a structured training 
program, (which has the added benefit of 
requiring contractors to more fully consider 
operational training problems and require- 
ments) then an important related condition 
presents itself. How can critical mission 
objectives be translated into formal curricu- 
lum designed to enhance training effec- 
tiveness in today's complex mission areas? 

To answer this question we must first 
briefly outline the ISD process .and then show 
how the previous priority scheme can be uti- 
lized for the design of enhanced training 
programs. 

Curriculum Development 

Development of a  training program for 
advanced flight simulators should clearly 
follow the ISD (Instructional System De- 
velopment) process, which provides a systema- 
tic and scientific methodology for 

o Identifying tasks that (operators) 
must perform 

o Specifying the hierarchy of 
training objectives 

o Developing procedures and schedules 
for training in the performance of 
identified tasks. 

The ISD model, although providing for 
improved professionalism in instructional 
system design, lacks a mechanism specifically 
designed to spotlight critical mission areas 
and concomitant priority training require- 
ments. Thus, such critical areas as operator 
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decision-task requirements are largely neq- 
lected in present ISD treatments.^) 

Mechanism to Aid in Development of Enhanced 
Training Products 

To aid in the development of enhanced 
training products, a mission-focused priority 
scheme for identifying critical mission areas 
and thus important training requirements is 
considered essential. The previously out- 
lined "structured approach" is considered a 
candidate means to accomplish this task. 

The process of focusing in on critical 
mission and training needs commences as be- 
fore with a formal analysis (Figure 2) of the 
cognizant mission. The Instructional System 
Requirement Analysis matrix (Figure 3) then 
provides a convenient means to identify can- 
didate instructional methods appropriate to 
the specified mission objectives  From this 
matrix, we can see for instance, that the 
mission objective "determine threat capabili- 
ties" can be addressed by utilizing my or 
all of the following training methods: 

- Part task trair.er 
- CAI 
- Stand-alone tape/slide/video 
- Programmed text 
- Platform. 

A possible way to determine the most 
appropriate instructional strategy is to con- 
duct a Priority Analysis to determine rela- 
tive importance of this mission area. This 
analysis, explained in detail in the previous 
section, examines appropriate mission objec- 
tives and its component tasks from the stand- 
point of importance and task difficulty. 

When plotted on the Priority Analysis 
Graph (Figure 4), Mission Oojective/Task 
Modules which fall in the high priority 
quadrant should <lrive the development of an 
instructional system commensurate with this 
priority. High priority araas ..\ay, there- 
Core, require the develonment of a composite 
training systan embracinq the following 
areas: 

o AircraCt operations complete with 
detailed scenarios 

o Simulation training events designed 
to prepare for specific aircraft 
operation scenarios. 

o Part-task trainer desicjned to in- 
struct in critical docision-task 
areas. 

o Computer-aided instruction designed 
to develop requisite background 
information. 

Thus the cc-posite training system con- 
cept extending beyond the criTpartmentalized 
vi**rf of stand-alone training systems, pro- 
poses, utilizing the Structured Approach", 

to (1) focus on critical mission areas, and 
(2) integrate various instructional devices 
(and instrumented ranges) and curriculum into 
a coherent, goal oriented process hereby 
enhanced training indeed becomes a reality. 

SUMMARY 

It appears self-evident that a clear 
view of mission objectives,  tasks,  and can- 
didate training methods coupled with a 
priority scheme is needed in any successful 
design effort  for advanced simulation 
systems.     Indeed,  these concepts are finding 
favor a.nong more and more individuals such as 
Cream'4' who encourages a task rating system 
for use  in selecting actual simulator design 
features. 

Whatever priority or rating system is 
adopted,  providing design teams with appro- 
priate  "mission  logic" coupled with a mecha- 
nism to focus attention and resources on 
those areas promising the greatest training 
return-on-investjnent appears to be the criti- 
cal task at hand.    No longer can we afford to 
build high technology systems exclusively 
from a technical  specification document. 
Technical know-how must be translated  into 
mission capability by making technology 
respond specifically to critical mission 
needs.    Otherwise we will remain in our 
current predicament of fielding technical 
systems that at test, only achieve sub-optimum 
levels of mission performance tiiroughout the 
system's life-cycle.    Thus  future distress 
calls from the operational   community will 
become an increasingly regular and tragic 
occurrence. 
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ABSTRACT 

•'"This paper introduces a candidate needs assessment model that has unique 
potential for identifying military training needs. During the training 
planning process, planners freouently and inadvertently confuse training 
strategies (means) with training results (ends). Ore reason for this confusion is the 
inherent difficulty in accurately specifying military training needs. The 
complex nature of military training needs is explored and the potential 
benefit of the Organizational Elements Model as a planning tool is presented. 

Quality military training is a necessary but 
difficult objective to achieve. The act of bring- 
ing together all the necessary ingredients of 
training systems (e.g., people, training aids, 
devices and curricula) will not insure effective 
training. More fundamentally, effective training 
is the result of careful planning which is based 
upon accurate need assessments. This paper 
examines the nature of military training planning 
from a wide perspective with special attention 
focused upon the unique characteristics of 
military training needs. The principle theme 
's that the planning processes presently in use 
can be improved by using a relatively new needs 
assessment technique, thus potentially increas- 
ing the probability that effective training 
systems will be produced. 

A NEEDS ASSESSMENT APPROACH: THE 
ORGANIZATIONAL ELEMENTS MODEL 

The Organizational Element Model (OEM) for 
educational system planning, while currently in 
the developmental stage, is or>^ method of assess- 
ing needs. Oh (?)*  The concepts inherent to the 
OEM apply to all needs inside or outside of any 
organization. Hence, the OEM will first be 
discussed ir general training and educational 
terms, followed by specific application to the 
military training community (i.e., all training 
commands, their supporting commands, all con 
tractor organizations that support training 
efforts, etc.). 

Mt should be noted that the discussion of the 
OEM reoresents a synthesis of Kaufman's writing 
on the subject. Only primary references are 
noted in the text 

The main concern of the OEM is the identifica- 
tion of organizational needs. Kaufman'-^) defines 
a need as a gap between "what is" and "what should 
be" in terms of organizational results. Defining 
a need as a gap between present and desired results 
helps to ensure that no solution statements are 
included within the statement of the needs. In 
order for effective planning to occur, it is 
critical that solutions for the need not be intro- 
duced too early in the planning process. Consider- 
ing specific solutions before ehe need is truly 
defined often causes the planner to establish 
biases and to overlook many alternative solutions 
For example, if a specific solution is incorporated 
too early (i.e., "what we need is a computer- 
assisted instruction (CAI) system") the planning 
will then proceed under the assumption that CAI 
is indeed the only appropriate solution to the 
problem. However, had planning proceeded without 
the assumption about CAI, the requirement may have 
been met with an instructional delivery system 
which is less expensive or more appropriate than 
CAI (e.g., a modularized slide-tape). 

By viewing the need as the difference between 
"what is" and "what should be", solution state- 
ments can be clearly separated from needs state- 
ments. This separation allows the user of the 
OEM to explore all aspects cf the problem with an 
unprejudiced outlook. 

The OEM, which is composed of five elements, 
is the tool which relates needs assessment to 
other aspects of training development, implemen..:- 
tion, and evaluation (see figure 1). The first 
element represents the inputs which the organiza- 
tion receives and uses in accomplishing its objec- 
tives. These inputs consist of the existing "raw 
materials" which are available fcr use.' ' 
Examples include: expertise, time, funds, com- 
puters, policies, plans, goals, and people. 
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The second element of the OEM consists of 
organizational processes. These processes con- 
sist of the means or" solution steps which start 
the inputs into action. Examples of organiza- 
tional processes are: management by objective, 
development of CAI, the systems approach, 
analyses, research, and the Program Evaluation 
and Review Technioue. 

The first two elements represent organisa- 
tion efforts. People within organizations spend 
most of their time gathering inputs and using 
them in processes. These first two elements of 
the OEM (efforts) Are  used to produce the last 
throe elements which are  organizational results. 

The third element of the OEM consists of 
organizational products. These are the "things" 
which the organization produces. These products 
could he training materials of various kinds 
(e.g., training devices, curricula, evaluation 
reports, etc.). 

The fourth element consists of the outputs 
of the organization. These are defined as that 
which is delivered to the world external to the 
training community; such as trained personnel 
(graduates). Products and outputs differ, in 
that an organizations products are only inter- 
mediate results of an organization's efforts. 
For example, the training community never 
delivers curricula to the external world. 
Instead it uses the curricula internally to 
train personnel. These trained personnel are 
the outputs which the training community 
delivers to th? external world. 

The final and most important OEM element is 
outcomes of the organization. Societal outcomes 
are  nade up of the effects or impacts of the 
organization's outputs. For example, less crime 
is reported in society because the graduates of 
the educational establishment were better trained 
and thus were better able to obtain gainful employ- 
ment. In this example, reduced crime is one 
outcome of better trained graduates. As noted 
above, the graduates dre  outpits of the educa- 
tional system. 

Functioning of OEM in a Training Setting 

The functioning of the OEM begins with the 
establishment of a data-base by training system 
users and developers. Figure 2  shows that the 
OEM has two dimensions: "what is" and "what 
should be". This data-base contains information 
about the training system as it presently exists, 
and also makes statements about what the training 
system should be like. The data bsse is used for 
the conduct of  a discrepancy analysis comparing 
the "what is" status fcr each OEM element with 
the "what should bj" status. The two dimensional 
matrix in figure 2  also suggests the sequence for 
conducting this analysis. The sequence estab- 
lished for the "what is" status for each element 
begins with the inputs elements and progresses 
to the outcomes element. The sequer.ee for 
establishing the "what should be" status is just 
the reverse. Experience has shown that the 
sequence for analyzing "what should be" is 
neces:ary for determining the proper linkages 
between the five elements.™' Again, when 
planners consider inputs and processes, before 
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outcomes have been defined, they run th risk of 
overlooking many possible solution alternatives. 
The cross-hatched arrows, represent the relation- 
ship between "what is" and "what should be" for 
both the inputs and processes elements. These 
arrows indicate that the discrepancies &re  in 
efforts, not results. 

Once the "what is", "what should be" condi- 
tions are known, discrepancies between internal 
and external results can be determined. The OEM 
makes a distinction between results that are 
internal to the organization and results that 
are external to the organization Examples of 
internal results from a tank production scenario 
are: obtaining engines, obtain all sub-assemblies, 
obtain orders. Examples of external results from 
the tank production scenario are: tank safety, 
efficiency, profitability, positive military 
impact and repeat orders. 

The following hypothetical example serves to 
illustrate this process. The outcome problem can 
be summed up in the following statement, "NATO 
Dragon gunners ire  not proficient marksmen." The 
hypothetical "what is" status for each OEM element 
is as follows: fsee figure 2) 

inputs.    Present funding levels for Dragon 
training; number of instructors; 
number of practice rounds; ranges; 
Dragons; and trainees. 

processes:  Dragon curriculum, practice, quali- 
fication {due to limited rounds, 
the Dragon trainees receive too 
little practice). 

products: Skills, knowledge and attitude 
necessary to become proficient Dragon 
gunners. (Due to limited practice the 
present training does not allow the 
trainees to achieve the necessary 
levels of skills, knowledge and 
attitudes). 

outputs:  Only 32 of the current graduates 
achieve first round hits at sta- 
tionary targets 400 to 600 meters 
away in simulated si tuet ions. 

outcomes: Based on simulated practice it is felt 
that NATO Dragcn gunners will be in- 
effective in actual combat. (This 
type of outcome statement points up the 
difficulty of assembling rational 
"what ia" concepts for the military. 
Since, thankfully, so little live 
combat takes place we seldom know for 
sure how effective our outputs are. 
Analysis of recent combat situations, 
like the Falklands and Middle East 
conflicts, are of some help in this 
area). 

The "what should be" conditions are as 
follows: 

outcomes: 100 of Dragon gunners should be 
effective in the world external to 
the training community as measured 
ty their ability to hit 95, of their 
tar9ets in actual combat. 
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Outputs:   100% of graduates should prove that 
they have learned the requisite 
skills, knowledge and attitudes as 
measured by thHr ability to achieve 
first round hits at "00 to 600 meters 
in simulated situitijns. 

products:   The training community should develop 
training products which are useful to 
Dragon trainees as measured by train- 
ees learning the requisite skills, 
knowledge, and attitudes. 

The "inputs" and "processes" for the "what 
should be" are not defined yet. 

The three 'what should be" elements describe 
the changes which are required to meet the need. 
Notice that the term "as  measured b**" is included 
with each "what should be" statement. It is 
important that the criterion benchmarks for 
success be established early in the planning 
process. It is also important to note that there 
are no specific solutions presented. Solution 
alternatives ire developed later when inputs and 
processes are considered. The inputs and pro- 
cesses ?re  concerned not with what must be done, 
but rather with how it should be done. In this 
particular exampTeT the processes used may include 
the formal school expanding its objectives and 
supporting courseware as well as incorporating a 
training device. To support the process elements, 
the inputs should reflect an increase in funds, 
number of instructors, and number of practice 
rounds. 

In summa -y, this process of describing the 
current "what is" and the ideal "what should be" 
for each of the five elements ^s potentially 
applicable to most military training situations. 
How the OEM can assist the current planning pro- 
cess is addressed below. 

CONFUSION OF ORGANIZATIONAL MEANS AND ENDS 

Too often the ultimate goal of the military 
training effort is lost in, or confused with, the 
multitudes of processes and products which are 
involved in the delivery of a training system. 
These products and processes may satisfy the train- 
ing community's internal needs (e.g.. training 
courses, training devices, graduates, continued 
funding), but they do not necessarily satisfy the 
proper external need - that of military pre- 
paredness (:.e., combat effectiveness). 

A commonly observed example of a means-ends 
confusion is a "state ^f-the-art" training device 
that the user finds marginally usefjl (user in 
this paper refers to the operational community). 
The term, "state-of-the-art", in this situation, 
implies that this device contains the latent in 
technological sophistication. Yet tMs 
sophistication alone does not ensure user accep- 
tance or eventual combat effectiveness. \iser 
comments about the device may include complaints 
about the lack of fidelity in the device's con- 
trols, confusing feedback displays, and worst o* 
all, the observation that the device does not 
assist in producing trained personnel. The 
problem is tha?. the device's sophistication 
applies only to its technological co-ipor-nts 
(the means for delivering training) and not to 

how "hey function to oroduce combat effectiveness. 

Although the means vc. ends confusion in the 
planning process has many causes, this paper will 
address only t.:o. The first reason is fie mis- 
placed emphasis upon internal results while eschew- 
ing user concerns (external results). The second 
reason for the means vs. ends confusion is the 
inherent difficulties in defining military training 
needs. The nature of these causes and how the OEM 
can assist planners in reducing the means vs. ends 
conf'.sion are developed below. 

Training organizations often and inadvertently 
emphasize internal results as opposed to external 
results. That is, training organizations often 
derive their own internal objectives (e.g., receiv- 
ing money, developing training devices, graduating 
students, etc.) and pursue them. Such internal 
objectives are important; they «*■%* ..>cjdninations 
the opportunity to determine procrcs* ':-•- os an 
ultimate end  However, problems occur wnen a>, 
organization becomes so concerned with these 
internal objecvives that it fails to properly 
identify and meet external ends. The training 
organization becomes so focused on the "how to do 
its" that it fails to meet the larger needs of the 
society it serves. In the case of military train- 
ing organizations the external referent is the 
operational force. Whenever a training organiza- 
tion becomes so set on achieving its own ü.ternal 
objectives, to the exclusion of th^ external 
society it serves, detrimental consequences can 
and do occur. Because the OEM clearly defines the 
relationship between internal results and external 
results, its use in the planning process may assist 
in averting this cause of confusing means and ends. 

The second reason for confusing mea is and ends 
in the planning process is the difficulty encoun- 
tered in accurately defining military training 
neec*s. Specifically, there are three character- 
istics inherent to military training needs '.i»t 
must be systematically addressed. 

The first characteristic of military training 
needs is the way in which they are specified. 
Training needs usually evolve after the relations 
between the tl.reat, doctrine and force structures 
are defined. At this point the training need is 
usually expressed as a gap between the current 
force status (what is) and a future optima! status 
(whit should be). This gap (or need) is most ofton 
expressed in general terms of military capa- 
bilities, which ire  related to combat effectiveness, 
and military political impact. The OEM's distinc- 
tion Ke*ween training outputs and outcomes may ue 
useful to planners in coping with this character- 
istic. For example, outcomes should be stated in 
terms of combat effectiveness. 

The second characteristic of military training 
needs is related to where the training requirements 
are specified in the Department of Defense. Mili- 
tary training requirements originate from two basic 
sources mostly outside the training community: the 
parent service (i.e.. Air Force. Army, Marines, 
Navy) and the Commanders in Chief of the unified 
commands'^'- The P*r*nt servic* is charged 
statutorially to provide, among other items, "Unit 
mission proficiency standards for the conduct and 
evaluation of training. These Are developed from 
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current doctrine and force structure."'-*' The 
unified chain of command provides some train- 
ing requirements when it states mission specifi- 
cations and performs contingency planning 
Althouyh the training community may assist in 
defining training needs, it is the user commu- 
nity which must make the final decision. Hence, 
it is imperative for the planner to clearly 
define the nature of the need to bo addressed 
in the tasking. The OEM can assist the planner 
in determining whether the tasking is requesting 
an internal result (products, or ot-tputs) or an 
external result (outcome). 

The third characteristic of military train- 
ing needs is that they experience what may be 
described as a translation process as they are 
passed from higher to lower commands. An ever- 
simplified example is depicted in figure 3. As 
noted earlier, a training need is defined at 
the highest echelons of command. Training 
needs are then translated into concrete program 
efforts by a variety of commands subordinate to 
the top levels. These programs are often com- 
posed of several projects. This translation 
process is not well understood and the training 
needs may be altered in the extreme from one 
command to the n«?xt. They are unfortunately 
omitted entirely in some translations. 

An additional aspect of the translation pro- 
cess which adds t- the confusion is tnat personnel 
with varied backgrounds and technical disciplines 
become involved. At the top echelons of command, 
the training need if discussed in terms of 
abstract military operations and the principles of 
war. As the statement of the training need is 
passed to lower echelons it becomes more concrete. 
The five elements of the Organizational Elements 
Model are considered and the management of the 
training system is defined, ^t the project level 
the need is translated into the language of human 
learning and performance, man-machine interfaces, 
etc. At the top levels the (abstract level), 
training needs are described as "what must be 
done". As the needs are passed down to tr.e middle 
and lower cofTinands (concrete levels) they are 
expressed as "how to get it done". Should this 
orderly process be altered (i.e., the "how to get 
it done" is addressed before the "what must be 
done") confusion of means and ends is likely to 
occur. 

The OEM's five elements appear to ha^e some 
rough correspondence to the translation process. 
For example, lower echelon efforts may be classi- 
fied as inputs and piocess efforts while higher 
echelon concerns fall within products, outputs, 
outcomes categories. However, the "translation 
process" »^er se is little understood and must 
be invest!gated before it can be adequately 
addressed by planners. 

Command/Management level 

(chclun ? 

Doctrine - lhrc.il - ftwee 
Structure 

Program* |cq    AVIB Aircr.il!) 

It helot. 3 

Pro»**« t I ie q   build engine) 

Protect ? (c g . build weapon 
systems.) 

Prtijri:l 3 |B.f.. CMltffVC* 
traimn« tyuen») 

*     tndtt jlri MltwmalMMt ftuw r. not .»«r.i»\ Her; • 

Figure 3.   The Translation Process: Translating 
Operational Needs into Training Need 
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SUMMARY AND CONCLUSIONS 

Confuting training means and ends can 
greatly hauler the attainment of effective 
training. The confusion of means and ends 
can be eliminated hy careful planning which 
is driven by accurate identification of user 
needs. Planners must be aware of how needs 
dre  stated and where they originate. Addi- 
tionally, the process of translating needs 
from upper to lower levels of command must 
be continually addressed. 

The training community can improve its 
performance by making the distinction between 
inputs, processes, products, outputs and out- 
comes in its planning efforts. With the ever 
increasing requirement for efficient and 
effective training in the military, it is 
vitally important that the military training 
community understand user needs. Although 
the Organizational Elements Model presented 
here is still in development, it is one 
approach to needs assessment that has potcr- 
tial applicability to military training. 

The draining community is often not as 
effeceive as it might be because it confuses 
means and ends by concentrating more on pro- 
cesses and products and not on outcomes. 
This narrow perspective, which emphasizes 
the internal needs of the training community, 
a'ld often excludes the external needs of the 
operational forces, results in low training 
validity. Consequently, disillusionment with 
the training community is a result. Careful 
attention to user ne^ds will help to produce 
training which improves the nation's ability 
to prevent armed host;lities through strength 
if possible, and to win a swift and complete 
victory if necessary. 
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TilE (OST-EFFEC'riVENESS OF i'I LIT/\RY '1'1~1\I NHlG 

Jc~~;e Orloa1sky and ,Jc.~cp!l String 
lnstitut~ for Defense 1\nal~scs 

1\lcx~ndri~, Virginia 
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C.1ptain l'dul H. Ch<Jt<:lir>r, USN 

Off ice of the St'crct~t·y of Dcfens(' 
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The usc of fl i<Jht: :. ir.-•Jlators, cor.1putcr-bascd instruction 
and r.1dintcn.1nce trainiraq fdmulator~> for trainin,J is evaluated 
on the hnsis o[ their effectivene>ss and cost. Plight '3ir.1ula
tors ~1rc cost-e>ffcctive>, c:ompilrcd to the usc of aircraft:, for 
training; so arc maintenance training simulators compared to 
0ctuttl c'quipmcnt trainers. Cor.1putcr-bascd instruction is as 
effor.ti•:e as conventional in!>truction; comparahle--eost data 
0rc not vet available, so one cannot sav whether it is also 
cost-c[f~ctivc. These thre1· methods of. training arc not nore 
effective than the r.1cthods to which they were comparPd, except 
for sr.1all improvements in a few cases. It is possiLle they 
could be m0cle more t:'ffective if cos.t .. ··~·t>t~rings were not a major 
<Joal, hut this remains to be determine\:J. The goal of analyses 
of truining shoulcl be an ability to perform trade-offs of the 
of feet i ven~:ss and costs of new methoJsl of traini nq, but no such 
tt·ade-offs have yet been m:,de. \ 

PURPOSE 

The purpose of this paper is to eval
uate both the cost and effectiveness of 
milit.:1ry training in three areas where 
relev~nt cl.:1ta arc available: flight simu
l.:Jtors, computer-b.:Jsccl instruction, and 
r.1aintcnancc training simulators. 

THE ~11\CNITUDE OF mLITI\HY TR/\INING 

~~ilitary training r"akes a large and 
continuing dcr.1and on resourc~s allocated 
to the militilry servi.ces. For example, 
the time spent by students in individual 
training at clesigrated schools plus that 
n[ the instructors needed at those 
schools accounts for about one-fourth of 
all thL man-years (both military and ci
vili.:Jn) available to the Department of 
Defense (Fijure 1). /\bout 20 percent of 
all military personnel are in schools at 
all times, either as students or instruc
tors. Most (about 76 percent) of this 
effort simply provides initial training 
to new personnel entering military 
servi~c for the first time. 

Individual ~raining at military 
schools will cost $12.8 billion in Fiscal 
Year 1983. The types of training vary 
widely by number of stu(kr~.ts and cost per· 
student, as shown in Figure 2. This in
formation can help tell us where improve
ment in training could have large imi:iact. 
For example, specialized skill training 
involves the largest number of students 
and costs more than any other type of 
individual training. Undergraduate flight 
training, for pilots and other aircrew, 
has the smallest number of students, but 
it costs much more per student than any 
other type of i•ldividual training. 

It may be noted, in passing, that a 
student needs additional training after 
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he leaves school. This is known, vari
ously, as on-the-job training, advanced 
flight training, crew training, and field 
exercises. None of the costs of addi
tional training needed after leaving a 
school is included in the data shown in 
Figure 2. 

Finally, it may help to know that the 
cost of individual trainina at school is 
nontrivial when compared t~ other, readily 
available, costs in the annual military 
budget. As shown shown in Figure 3, indi
vidual training at school costs about 
half (or mor0) of what is spent for intel
ligence and communications, the strategjc 
forces, or for all research, development, 
test, and evaluation; and roughly 15 
percent of how much is spent for procure
ment or operation and maintenance. 
Military training is a major component of 
the military budget. Operational readiness 
depends on effective training. It is 
possible to realize the high levels of 
performance built into our advanced weapon 
and support systems only if these systems 
are maintained and operated according to 
their design specifications, and this 
also depends on effective training. 
Thus, it is almost mandatory to have 
effective training: improvements in our 
current methods of training are likely to 
have useful and significant payoffs. 

There is, generally, n10re than one 
way of training rti?)st skills, e.g., group 
lectures, individual coaching, use of 
simulators, and so on. The first question 
which must be answered--whether it con
cerns new or current technology--is, "Is 
it any good? Does it train as well as, or 
perhaps, better than some other way we -
could use?" This is the issue of effec
tiveness of training. But the effective
ness of training cannot be addressed mean
ingfully without also considering its 
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MAN-YEARS (000) 

MILITARY CIVILIAN 

STUDENTS 

INSTRUCTORS 

255 

133 59 

TOTAL 388 59 

DoD END-STRENGTH 

PERCENT IN TRAINING 

2148 

18% 

1035 

6% 

FIGURE 1. The Amount of Time Spent by Students and Instructors in Individual Training 
at Military Schools, FY 1983 (Sour» Military Manpower Training Report for 
FY 1983; Weinberger 1982). 

I 
TYPE OF 

INITIAL TRAINING 

NUMBER OF 
STUDENTS 

(INPUT. 000) 
COST APPROXIMATE 

COST/STUOSNT 

RECRUIT 363 $     871 M S    2K                  i 

ONE-STATION UNIT 
TRAINING (ARMY) 

119 332 3 

OFFICER ACQUISITION 30 J76 19 

SPECIALIZED SKÜL 1.347 3 003 2 

UNDERGRADUATE 
FLIGHT 

!• i.e?s 100 

PROFESSIONAL 
DEVELOPMENT 
EDUCATION 

35 427 12 

MEDICAL — 431 
SUPPORT. MGMT 

TRAVEL. PAY 

TOTAL 

— 5 626 

$12,771 

FIGURE 2 Number of Students and Costs el Various Types of Kdhrtduai Training at Mattery 
Seeools. FY 1963 |JW»: Military Manpower Training Report for FY 1983). 
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INDIVIDUAL 
COST SCHOOL TRAINING, AS 

Il                                 ITEM 

INDIVIDUAL SCHOOL TRAINING 

(Billions) 

$12.8 B 

PERCENT OF OTHER COSTS 

INTELLIGENCE AND COMMUNICATIONS 18.0 71%                      | 

STRATEGIC FORCES 23.1 55 

RDT&E 24.3 53                      | 

OPERATION AND MAINTENANCE 70.4 18                        | 

PROCUREMENT 89.6 14 

• 4411 

FIGURE 3. A Comparison of !ho Budqett for Individual School Training and Othor Major Military 
Expiiidlturts. FY 198? (Sourco: Woinborgor 1982). 

cost.  Almost any method of training could 
be me.de effective if enough money for 
equipment and instructors and long train- 
ing time for students students were made 
available.  Therefore, if two methods of 
training are equally effective, we should 
select, the one that costs less.  Tf two 
methods of training cost about the same, 
we should select the one that is more 
effective.  If a new method of training 
is more effective and costs less, the 
choice is easy and obvious, but such 
opportunities are rare. 

We will consider next comparisons of 
the effectiveness and cost of three types 
of training: flight simulators and air- 
craft, computer-based instruction and 
conventional instruction, and maintenance 
training simulators and actual equipment 
tr&iners.  This will be followed by a dis- 
cussion of what the results mean for future 
evaluations of training. 

FLIGHT SIMULATORS (1) 

The extent to which flight simulators 
should be used in flight training is a 
major concern to all military services. 
The key questions are oLvious: 

o do flight simulators really train 
pi lots 

o do the skills learned in flight 
simulators transfer readily to 
aireraf t 

o ore flight simulators worth what 
they cost 

The Vast question cannot be isnored since 

*l*Thil information is based on Orlansky 
and String. 1*77. 

the cost of some modern flight simulators, 
when equipped with advanced visual systems 
and motion bases, approaches the cost of 
aircraft. 

The procurement of new simulators, 
including major improvements to those 
acquired previously, has averaged abou" 
$275 million per year for the last eight 
years (Figure 4).  It costs about $3.6 
billion per year for fuel and supplies 
needed to operate military aircraft. 
About 7,600 new pilots will be qualified 
in fiscal year 1983 at a cost ct about 
$1.8 billion. 

How much does it cost per hour to 
operate simulators and aircraft?  Figure 5 
shows comparable operating cost data for 
42 pairs of flight simulators and aircraft 
for fiscal years 1980 and 1981.  Variable 
Operating Costs, as shown here, are for 
fuel, oil, and spare parts consumed as a 
function of use; the costs of pay and 
amortization are not included in these 
amounts.  The median ratio of simulato-/ 
aircraft operating costs is 0.08; it was 
0.12 in fiscal ye< - s 1975 and 1976. 

The fact that flight simulators cost 
less to operate than aircraft is a useful 
but not conclusive finding unless we 
also know how well they may be used to 
train pilots.  The effectiveness of a 
flight simulator may be evaluated oy 
determining how much time, if any, it 
saves in training pilots to perform speci- 
fic tas.s in an airplane-, compared to 
the amount of tine required for such train- 
ing only in t..e airplane.  The same 
level of performance in aircraft is re- 
quired in both cases.  It has long been 
known tnat pilots can p* rform in the air, 
more or less well, tasks learned in flight 
simulators.  The real question is how good 
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PROCUREMENT OF $0,275 B/YR FY 75-82 
j             SIMULATORS 

ALL FLYING COSTS $3.6 B/YR FY 1981 

|         UNDERGRADUATr ! JLOT FY 1983 
TRAINING 

|                     INPUT 9337 

OUTPUT 7603 

|                     LOAD 5581 M/.sl-YEARS 

COST $1.8 B 

' | ma 

FIGURE 4. Major Costs Associated with All Flight Training. 

10.000 

8 PERCENT! 
MEDIAN 

IMM 

200 300 400 
SIMULATORS (Dollars per hour) 

FIGURE 5 Variabla Operating Costs Per Hour for 42 Flight Simulators and Aircraft. 
FY 1980 and FY 1981 
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is this training.  An index, called the 
Transfer Effectiveness Ratio (TER), shows 
the amount of flight time saved as a func- 
tion of the amount of time spent in the 
simulator (Figure 6). 

Transfer effectiveness ratios from 34 
different studies of flight training (e.g., 
basic contact fiiaht, instrument flight, 
ASW maneuvers, multi-engine transition) are 
shown in Figure 7.  The TERs range in value 
fror. -0.4 to 1.9, with a median value of 
0.48.  Using the median value, the data 
show that pilots trained in simulators 
needed less time in aircraft to perform 
acceptably thcin pilots trained only in 
aircraft; the amount of flight time saved 
was about one-half of the time spent in 
the simulator.  Tnere is a wide range in 
these TERs; clearly, these flight simu- 
lators were not equally effective in 
saving flight time in all cases, and it 
seems important to identify the factors 
that make for efficient and inefficient 
uses of simulators. 

Since flight simulators save about 50 
percent of the time needed by pilots to 
train in aircraft and cost > >niy 8 percent 
as much to use (median values in both 
cases), it is clear that flight simulators 
are cost-effective, compared to the use 
of aircraft alone for training. The amount 
of such savings, aft«, r providing for the 
cost of these using simulators, is shown 
for three cases in Figure 8; the savings 
were large enough to amortize the procure- 
ment cost of flight simulators within two 
years or less. 

COMPUTER-BASED INSTRUCTION<2) 

The question addressed here is whether 
ins'-  ct ion that is supported by the use of 
camp .  rs is cost-effective compared to 
conventional, classroom instruction.  Con- 
ventional instruction is based largely on 
lecture, discussion, and some amount of 
individual coaching.  Its salient features 
are group-pacing, and some amount of indi- 
vidual attention.  Conventional instruc- 
tion was compared to two new methods of 
instruction, both using computers, that 
have been developed since about 1960.  The 
first method, Computer-Assisted Instruc- 
tion (CAI), involves placing all the in- 
structional material in the computer.  It 
provides lessons to the student by neans 
of a cathode ray tube; the student may- 
respond by such means as a keyboard or by 
touching the screen.  The computer guides 
the student, corrects him as needed, and 
provides new or explanatory material to 
suit his method of learning; the computer- 
maintains student progress records and can 
provide a variety of administrative infor- 
mation needed to operate a course and/or 
school.  In the second method, Computer- 
Managed Instruction (CMI), the student 
receives his instruction away fron the 
computer, i.e., in a learning carrel or at 
a laboratory bench.  However, he takes a 
test on some amount of course material, 

H»Based on Orlansky and String, 1979. 

typically after about one hour's worth of 
instruction.  The computer scores the 
test, interprets the results for the stu- 
dent, and directs him to his next lesson 
or to repeat the last one.  The computer 
performs a similar evaluation and guidance 
function in both cases, except thct it is 
based on individual responses in CAI and 
comes only after tests in CMI.  The 
salient features of CAI and CMI ar,? that 
each student proceeds at his own rate of 
learning ("self-paced" instruction) and 
receives frequent feedback on his 
progress.  This may be contrasted with 
group-paced instruction where tests are 
spaced further in time (daily, weekly or 
monthly) and where all students must pro- 
ceed at the same pace despite known dif- 
ferences in rate and/or style of learning. 

Computer-assisted and computer- 
managed instruction are significant 
alternatives to conventional instruction 
primarily in specialized skill training. 
About 1.4 million students are trained in 
various special skills at a cost of about 
$2.9 billion each year (Figure 9).  Most 
(76 nercent) of these students are "new 
accessions", i.e., personnel recently 
admitted to the military services who are 
being trained for their first military 
assignment.  There is a continuous need 
to train replacements for those who now 
leave the military services after relativ- 
ely short careers. 

CAI and CMI may have many advantages, 
but the fundamental question must be how 
effective they are, compared to conven- 
tional instruction, in instructing stu- 
dents.  This issue has been addressed in 
48 studies, conducted from 1968 to 1979, 
that are summarized in Figure 10.  Using 
grades in end-of-course tests as a measure, 
these studies compared achievement c: 
students in the same courses when taught 
by conventional instruction or by CAI or 
CMI.  Six different CAI systems and two 
different CMI systems were compared in a 
wide variety of technical training 
courses.  Student achievement witn CAI or 
CMI is shown in the figure either as 
"inferior", "same", or "superior" tu 
achievement with conventional instruction 
for the same course; the result of each 
study is represented by a dot placed in 
the appropriate column.  The figure shows 
clearly that student achievement at school 
with CAI or CMI is about the same as, or 
in some cases superior to, that with con- 
ventional instruction.  The amount of supe- 
rior achievement (i.e., hiqher scores) 
is not large. 

In conventional instruction, the 
rate at which new information is pre- 
sented is based on about how much the 
average student can absorb.  Tne entire 
class proceeds at the same rate (called 
"group-pacing" or "lock-step" instruc- 
tion); »-his pace necessarily holds back 
student  who can learn at a faster rat . 
With CAI and CMI, each student proceeds 
dt his own rate.  Thus, we should expect 
that students instructed by CAI or CMI 
should complete their courses in less 
time, on the average, than those taught by 
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TER    = A-As 

A     =  AIRCRAFT TIME, WITHOUT SIMULATOR 

As   =   AIRCRAFT TIME, AFTER SIMULATOR 

S      =   SIMULATOR TIME 

FIGURE 6. Transfer Effectiveness Ratio (TER)   (Scarce: Roscoe 1971, 1972). 
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FIGURE 7. Transfer Effectiveness Ratios for Various Types of Flight Training, Based on 22 Studies Performed 
1967-1977. 

PROCUREMENT SAVINGS PER PROCUREMENT COST/ 
|             SIMULATOR 

I   COAST GUARD, HH 52A 

COST YEAR SAVINGS PER YEAR 

2.1 YEARS $ 3.1 M $   1.5 M 
!                               HH-3F 

NAVY, P-3C 4.2 M 2.5 M 1.7 YEARS 

AIRLINE 17.5 M 25.3 M 8.3 MONTHS 
IHIill 

FIGURE 8. Amortization ol Right Simulators 

102 

.Wji , , -:     -w^—^..., in man 



SPECIALIZED SKILL TRAINING FY 1983 

1,350,000 STUDENTS 

76 PERCENT NEW ACCESSIONS 

$2,883 BILLIONS 

FIGURE 9. The Magnitude of Specialized Skill Training, FY 1983. 

FIGURE 10. Student Achievement at School: CAI and CMI Compared to Conventional Instruction. 
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conventional instruction.  Data on student 
time savings, drawn from the studies on 
student achievement reported above, are 
shown in Figure 11.  The average amount of 
student time saved by CAI or CMI, compared 
to conventional instruction, shows a very 
wide range—from -30 percent to as much as 
85 percent {i.e., in a few cases, CAI or 
CMI took more time).  The median value is a 
time saving of about 30 percent. 

There are few data that compare the 
costs of C*I or CMI and conventional in- 
struction for the same course, and these 
comparisons tend to be incomplete.  Data 
on student time savings appear to be reli- 
able; however, many other costs must also 
be ccnsidered, e.g., for program develop- 
ment (hardware, course .materials, program- 
ming), the delivery ot instruction (in- 
structors, support, supplies, repairs), 
and student pay and allowances.  No such 
comparison was made in any of the studies 
reported above that contained data on stu- 
dent achievement and time saved. 

It is often suggested that computer- 
based instruction is cost-effective be- 
cause the cost of computers has declined 
dramatically in the last few years.  This 
true statement can be misleading because 
it overlooks the fact that the costs of 
developing software and course materials 
(both labor-intensive) have been increas- 
ing over the same time period.  Some stud- 
ies on the cost-effectiveness of the PLATO 
IV system (at Aberdeen Proving Ground, 
North Island, and Chanute Air Force Base) 
and the Air Force Advanced Instructional 

System (at Lowry Air Force Base; were 
conducted during the period of 1975 to 
1978.  The general findings were that, 
compared to conventional instruction, 
these systems were, at that time, either 
marginally cost-effective or not cost- 
effective. None of these studies can be 
represented as conclusive or used as a 
basis for judgment at the present time 
because of the large improvements in com- 
putbr technology that have ta!:en place 
since they were completed. 

Thus, it can be said that computer- 
based instruction is as effective as con- 
ventional instruction on the basis of 
student achievement at school, and that 
it saves student time needed to complete 
various courses.  However, comparisons of 
the total costs of these methods methods 
of instruction, using current data and 
technology, remain to be accomplished. 

MAINTENANCE TRAINING SIMULATORS<3> 

Operational equipment is used often 
at schools to train technicians how to 
perform routine maintenance, diagnose 
malfunctions, and replace faulty parts. 
It seems reasonable to do this because 
trainees will have to maintain the same 
equipment later in the field.  In addition, 
actiil equipment needed for training can 
be acquired readily by buying an additional 
unit off the production line.  Unfortu- 
nately, the use of actual equipment is not 

(3jBased on Orlansky and String, 1981. 

FIGURE 11. Amount of Student Time Saved by CAI and CMI, Compared to Conventional Instruction 
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necessarily the most effective way to 
train new technicians.  The instructor must 
be able to insert "faulty" parts in order 
to demonstrate fault finding procedures. 
Apart from the fact that it takes some 
time to prepare each lesson on faults, 
there will be, at best, a limited reper- 
toire of faults that can be illustrated. 
Wear and tear on "failed" parts makes them 
easy to detect with little regard to the 
particular malfunction that is being 
demonstrated.  Major faultr or casualties 
are not introduced in large systems where 
the investment cost is high for fear of 
damaging the trainer.  For the same reason, 
only the instructor makes calibraticnal or 
adjustment changes.  Cascading casualties 
are difficult if not impossible to induce 
into real equipment.  Further, it is dan- 
gerous to use some operational equipment 
in a school because of high voltages or 
pressures; operational equipment may 
break down at school because of abuse by 
students, not be ready when needed for 
training, and may entail high maintenance 
costs. 

Most of these limitations may be 
overcome by using maintenance training 
simulators, rather than actual equipment, 
to train technicians.  Such simulators 
always incorporate some type of computer- 
based control.  Thus, it is easy to provide 
a large number of malfunctions {e.g., com- 
binations cf instrument readings and non- 
responsive controls) that an instructor 
can easily and quickly select.  Simulators 
can be made both safe for use and resistant 
to abuse by students-.  Above all, being 
computer-based, such simulators can record 
student performance and provide knowledge 
it results that otherwise would require 
fuiltime observation of every student by a 
qualified instructor.  The use of mainte- 
nance simulators is increasing gradually, 
primarilv in aircraft applications (Figure 
12). 

The effectiveness of maintenance sim- 
ulators and of actual equipment trainers 
has been been compared in about 15 studies 
conducted from 1967 to 1980 (Figure 13); 
five different types of simulators were 
evaluated.  The findings are as follows: 

1. Simulators were as effective as 
actual equipment trainers. 

2. Simulators saved some student time. 
'$.  Students favored simulators more 

than instructors did. 
Relatively complete data on the acquisi- 

tion costs of mairtenance simulators and of 
comparable actual equipment trainers are 
available in 11 cases.  Since these mainte- 
nance simulators are prototype equipments, 
they include costs both for development and 
for fabricating a single unit.  Therefore, 
two estimates were developed for the acquisi- 
tion cost of a maintenance simulator: a high 
estimate that includes the cost of research 
and development plus the cost of fabricating 
one production unit; a low e timate that 
includes only the cost of fabricating one 
production unit.  The cost of an actual 
equipment trainer is the recurring produc- 
tion cost plus the cost of modifying that 
unit to make it useful at school. 

The acquisition ccst of maintenance 
simulators is between 0.20 to 0.60 as much 
as that for comparable actual equipment 
trainers, depending on the method used to 
estimate the cost of the simulator (Figure 
14).  The l.jwer ratio is probably the more 
me" Lngful comparison because it excludes 
the costs of research and development both 
for simulators and actual actual equipment 
trainers.  However, a comparison limited 
only to acquisition costs overlooks the 
long term costs of using simulators and 
actual equipmei.L trainers. 

Only one complete cost-effectiveness 
evaluation of a maintenance simulator 
and its comparable actual equipment trainer 
has been found.  This was a 15 year life- 
cycle cost comparison cf the Air Force 
6883 Avionics Test Bench 3-Dimensional 
Simulator for the F-lll aircraft and the 
actual equipment trainer (Cicchinelli, 
Harmon. Keller and Kottenstette, 1980),. 
The study finds that both were equally 
effective, as measured by student perform- 
ance at school and by supervisors' ratings 
of performance of course graduates later 
on the jo"b.  Savings due to use of the 
simulators are due primarily to lower 
operating costs over the period of inter- 
est.  With these savings, the acquisition 
cost of the simulator can be amortized 
with n four years (Figure 15). 

DISCUSSION 

The   findings   of   these  studies on  the 
cost-effectiveness of   selected   types  of 
military   training are  summarized   in  Figure 
16;   the  values  are   rounded  off.     The  over- 
all   interpretation must  be  that   innova- 
tions   to   training   in  these  areas  are  as 
effective  as   the  methods  and/or  equipments 
to which   they  were  compared.     Where  ccst 
data are   available,   the   innovations  cGst 
l«ss   to  procure  and  use   than   the   systems 
they can   replace.     Thus,   research  and  de- 
velopment on  training  has  led   to   innova- 
tions  that  are  cost-effective.     This 
overall   conclusion must  be qualified 
because   some   of   the  data  are   incomplete, 
as discussed   next.     Credible  data  that 
compare   the  complete  costs  of computer- 
based   instruction  and  conventional   in- 
struction have  not  yet  been  developed. 
This applies  also  to  the  operating  and 
life  cycle  costs  of  maintenance  simulators 
and  of   actual   equipment   trainers.     There 
is  a need  not  only   for  more  complete  cost 
data  but   for  data  that  can  be  used   to 
identify  the  high cost  elements   (i.e., 
cost-drivers)   in  such   training   systems; 
such data are  needed  also  to  develop cos4:- 
ostimating   relationships   for estimating 
the  probable  costs  of  new training  sys- 
tems. 

I*-   is   important  to  note  that  the 
effectiveness  of  computer-based   instruc- 
tion and  of  maintenance  simulation  has 
been  demonstrated  only on  the   basis  of 
student  achievement  at   school.     Such 
data do not   tell  us  how well   these   stu- 
dents  perform on  the   job,  and   job perform- 
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FIGURE 12. Estimated Procurement of Maintenance Trainers (Simulators and Actual 
Equipment) by the Department of Defense, According to Type of Application, 
1977-1985 (Estimated November 1979). 

FIGURE 13. Studies on the 5»fectiv jness of Maintenance Simulators, 1967-1980. 

MTM 
mam 

kSTUOAM) 

CWTMMM:  MJUTN *l ACTOAl EWMKNT 

m * 
MUCTtl» 

JBBSSSSS^i 

mm urn KTTCB SAW 

«rnniKTi 
ATmH» 

ITWBITt MTt. 

Kl 

IPMMM) 

Al*i»l»»i* 

Wf» 

■Hi** 

fit 
U4C 

«■*•« 

im 
sim 
I4toi 
«tei 
Mb* 

tlfen 
urn 

NM Caftri to Al»(M VM( 5tjMj| 
ALIMftll It« M 
WM 1 ********* tftlM 

IMHIiWwfi     Ml 
MM 

»Ml lite ■Mi». 

MtllHnMMw 

MM 

lau 

«•ft« 

tt%W 

17 
S3 

IS 
IS 

• 
II 

I 
M 

4- 

K4- t'4- 

N 
« 

UOTNH 

•7 + 

. IWfl 

»74 

1171 
1171 
1171 

m. if71 
If 7« 
».Wl 

If 71 
I. If 7* 

. 1171 
I Ml ■**», 117» 

. U7f 

. «7» 

art MM* if 7t 
l M «.. If 71 

Ifff 

Iff ft) 

i»Mw,«Ji 

11-If-Kl H 

106 

-..,.„ .,-,-,^. *  — M-      .,,. 
...^^^^aMiM.^ ■»^«1 



SIMULATOR/AET 

HIGH ESTIMATE 

RDT&E+1 UNIT 0.60 

LOW ESTIMATE 

RECURRING 0.20               , 

FIGURE 14. High and Low Estimates for ths Acquisition Costs of 
Maintenance Simulators/Actual Equipment Trainers. 

AMORTIZATION 

ACQUISITION COST 

SAVINGS PER YEAR 

$595 K 

$160 K 

$595 
AMORTIZATION = = 3.7 YEARS 

$160 

FIGURE 1S. Amortization of the 68S3 Test Stand, Three-Dimeniional 
Maintenance Simulator (Source: Cicchinelli, Harmon. Keller 
and Kottenstette. 1980). 

EFFECTIVENESS 

SAVINGS OR COST 

FACTOR FLIGHT 
SIMULATORS 

COMPUTER- 
BASED 

INSTRUCTION 

MAIN- 
TFNANCE 

SIMULATORS 

ABOUT 

THE 

SAME 
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30% 20-50%       i 

ACQUISITION 
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OPERATING 
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LIFECYCLE 
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65% ? 40%         ! 
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TION 
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FIGURE 16. Summary el Findtaflt en the Effectiveness and Cost of Flight Simulators. 
Computer-Basfd Instruction and Maintenance Simulators. 
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ancc   is   the more   relevant  measure  of   train- 
ing  effectiveness.     This  observation 
applies   equally   to   conventional   instruc- 
tion.     One   exception   to  these  comments   is 
that   supervisors'   ratings   showed   about 
the   same   job performance   for  students 
trained   either with   the  6 8 83   simulator  or 
actual   equipment;   however,   .supervisors' 
ratings   are  not   objective   performance 
measures.     On-the-job  performance   measures 
are   an   inherent   aspect   of   evaluating   flight 
simulators   because   all  students   who  were 
trained   in  simulators  were  observed   later 
in   aircraft   in   flight,   as   were   oovinusly 
those   trained   only   in   aircraft.     However, 
measures   of   student   performance   in  air- 
craft   are   based   on   instructors'   ratings 
on  well-developed   rating   scales   rather 
than  on  obiective  measures   recorded   by 
instruments.      It  may  well   be   that,   regard- 
loss  of   method of   training,   performance 
at   school   does  not   predict   later  perform- 
ance  on   the   job.     Whether   there   is  a   high 
or   low  degree   of   relationship between 
measures   taken  at   school   and   later  on   the 
job   is  an   imjx?rtant  question   that   still 
remains   to   bo   answered   "or   almost   all 
types   of   training. 

A  basic   promise   of   innovations   to 
training  such  as   flight   simulators,  compu- 
ter-based   instruction   and   maintenance 
simulators,   is   tnat   they   will   improve   the 
quality   of   instruction   and,   thus,   the 
effectiveness   of   training.     The   basic 
findings,   as   reported   above,   are   that 
these   innovations   to   training  are   about   as 
effective   as   the  methods   they  can   replace 
and  save   appreciable   amounts   of   student 
time.     There  have   been  only  a   few  demon- 
strations   o(   slight   improvements,   none 
large   enough   to  have   any   practical   signif- 
icance.     Overall,   this  moans   that   these 
innovations   yield   improvements   in  effi- 
ciency,   i.e.,   cost,   but   pot   in   effective- 
ness. 

Innovations   to   traininq--based   on  what 
wo   know  about   these   three   examplcs--nay 
have   a  potential   for   improved   effective- 
ness,   but   this   has   not   been   conclusively 
demonstrated.     Superior   student   achieve- 
ment,   compared   to   that   with   conventional 
instruction,   was   found   in  about   one-third 
of   the  .studies   of  computer-assisted   in- 
struction   (CAT);   the  amounts of   superiority 
were   small.     Two  such   results   (out   of   1' 
cases)  wer«.-   reported   tor  the  use  of 
maintenance   simulators;   none   for   flight 
simulators.     It   is  often  said   that  mainte- 
nance  simulators   can   provide   better   train- 
ing   because   they   c^n demonstrate  a   larger 
number   of  malfunctions   than   is  possible 
with   actual   equipment   trainers.     This 
plausible  claim has  not   been   verified  nor, 
apparently,   even   testet!.     Course  materials 
and   instructional   procedures   incorporated 
in   innovations   to   training   have   essentially 
been  modeled  on   the   current   methods.     This 
imposes   an  unnecessary   limitation  on 
improvements   in  effectiveness   that may 
well   be   present.     The  goal   of   almost   all 
improvements   to   training  so   far  examined 
seems   to  be   equal   et feetiveness   and  savings 
in   the   cost   of   training;   only   lip   service 

has  been  given   to   improved   effectiveness. 
It   appears   possible   to  produce   improve- 
ment^   in   effectiveness   if   costs  were   kept 
constant,   i.e.,   if   large   savings   in  cost 
were   not   also  required  at   the   same   time. 

Finally,   there  has  been  no  attempt   to 
look   for   trade-offs  between  cost   and 
effectiveness.     To do  so would  require 
different   types   of  comparisons,   different 
experimental   designs,   and  a greater  concern 
with   improving   training  than   is  currently 
evident.      It would   require  control   (in 
experiments),   o^-er   the   amount   of   time 
students   spend  with   simulators   or  CAI/CM1 
to  determine   the  shape   of   the   learning 
curve   and   thus   the   optimum  time   to  go   from 
simulator   to  the  aircraft  or   actual   equip- 
ment . 

Additional   practice   in   training   brings 
diminishing   improvements   in   performance. 
The  well-known   phenomenon  of   the   learning 
curve   and   its   impact   on   the   cosc-effec- 
tiveness  of   training  has  been  almost 
totally   disgregarded   except,   in  one   excel- 
lent   study.     Povenmire   and   Ros.:oe   (1973) 
stiowed   that   the   transfer   effectiveness 
ratio,   which  measures   the  amount   of   flight 
time   saved   due   to  use   of   a   Simula cor,   con- 
tinued   to   decrease   and   eventually   became 
flat   (after  about   7   hours   in   this   particu- 
lar   study  where   the   task  was   for   the   pilot 
to qualify   in  a   '^heck   flight).     V\hen   the 
decreasing  TKRs   were   compared   to   the   costs 
of   usinq   the  simulator  or  aircraft   in   this 
case,   it   became  clear   tnat   it  would   be 
more   cost-effective   to   use   the   airplane 
rather   than   th>?  simulator   for   additional 
training   after  about   4   hours   in   the   simu- 
lator   (and   not   after   7  or   11   hours,   as   was 
done   tor  some   of   the   test  groups   in   this 
s tudy ) . 

A   concern  with   trade-offs  between 
cost   ami   effectiveness  would   also   require 
us,    in   effect,   to   develop   simulators   that 
differ   in  complexity,   and  therefore   in 
cost,   to   see   the  extent   to which   effective- 
ness  may   change   as   a   conse-quence   of   changes 
in   the   cost   of   equipment.     Up   to   the   pre- 
sent,   all   comparisons   have   been   made   with 
a   simulator  designed,   more  or   less   to   an 
arbitrary   level   of   complexity,   as   the 
result   botn  of   the   Instructional   System 
Design   process  and   oj   negotiations  between 
operators,   trainers,   and  developers  over 
require.vents   ^nd  cost?-..     This   process 
needs  data  on   the  critical   relationship 
be t we e n   c os t   a nd   e f t e c t i ve n e s s   in   «> 11 le r 
to  rake   optimum   trade-offs. 

CONCLUSIONS 

Plight   simulators,   computer-based   in- 
struction  and   maintenance   training simu- 
lators   appear   to   h«>   as  effective   as   the 
methods   of   training  they can   top lace;   they 
also   cc\n   reduce   the   costs  of    training. 
Thus,   they  appear   to  be  cost-effective 
compared   to more  conventional   methods  of 
training.     These   new  methods   of   training 
have   not   been  domonstrated   to   be  wore 
effective   than   the older  ones,   although   it 
is   possible,   if   cost   savings   were   not 
required  or  were   kept   constant,   that   they 
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might be.  Trade-offs between the effective- 
ness and cost of alternative training 
systems have not been performed.  To 
do so, more reliable and more complete 
data on effectiveness and cost would be 
required in most areas of training. 
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ABSTRACT 
-. 

Aliliougii ieiietuiiiiy, avaiiaouity ana maintainaDilily (KAM) and system support policies for Army equipment 
in general are fairly well defined in such documents as AR 700-127 and AR 702-3 or various MIL STD's, there is 
little that recognizes ur ique RAM and support considerations that apply to training systems. The authors identify 
some of these considerations, which, though largely unique to training systems, are generic to most training 
systems. They then discuss the impact of these considerations, with emphasis on how RAM specification and 
growth and support management differ from that of the combat systems around whose needs AR 702-3 and the 
MIL STD's are principally modelled. The authors develop specific conclusions as to policy and practice 
distinctions from the combat systems model that should be made in training systems development programs. 

put their RAM engineering emphasis in areas with 
minimum payback and tried to take shortcuts in some of 
the important ones. As the hobbit, Bilbo Baggins, 
observed "Shortcuts make for long delays". This is 
particularly true if the short cuts are in the wrong areas. 

INTRODUCTION 

The subject of tr.is p> per is one that is perhaps as 
much a cause of frustration, and a cost driver, as any in 
the field of materiei acquisition management. On the 
face of it, it wouldn't seem that it should be. The 
acronym "RAM", Reliability, Availability, Maintainability, 
can be re-arranged to make a very simple mathematical 
statement 

A  =  f(R, M) 

that availability of a system is a function of reliability — 
aow often it fails — and maintainability — how much time 
it takes to fix it and keep it operating. The 
implementation of this relationship does not seem much 
more difficult. The customer presumably knows whftt 
availability he will require. Volumes of data exist on the 
reliability of almost any class of components. The 
mathematics of reliability calculations are not unusually 
difficult, and engineering to enhance maintainability is 
generally well dorumenteo. Go, is ;t really necessary for 
this almost trivially simple seeming relationship to cause 
so much heartache and cost so much money? 

The answer, of course, is th« t it is necessary only to 
the extent that we accept Murphy s Law as an inviolable 
rule of nature. In our more rational moments, a» when wr 
are contemplating someone elses' problems, we know 
Murphy's Law to be mostly a consequence of human 
carelessness and poor judgement. We ere, then, led to a 
conclusion that most RAM fiascos, as inos other 
manifestations of Murphy's Law, can be avoided by using 
more car« and better judgement. 

Recognizing that 'J*%\ last piece of advice, left 
standing alone, is not particularly useful, the Army has 
created a substantial body oi regulation?, standards and 
methodology to guide our judgement and prompt our 
memories. T'iis has evolved over many years and, in our 
opinion, when applied to types of systems wua which the 
Army has had extensive experience, represents an 
excellent prescription fey- achieving the required level of 
reliability, availability and maintai'*bility within a stated 
cost and time. Indeed, we would suggest that most 
failures of RAM programs in conventional military 
hardware development have occurred when the developers 

The previous observation applies, of course, to 
systems where the paths have been trod before and the 
way has become well charted. Even with those systems, 
there was a period when delay and expense were incurred 
not due to any shortcutting, but just from being down on 
the learning curve. As we came up on the learning curve, 
the guidance could be formulated and then extended to 
other type systems, where, again »here would be a 
learnirg period until the variations in the guidance 
applicable to the new type systems could be recognized. 

The growth in recent years of complex major 
training simulation systems has presented us with the 
maturing of just such a set of altered RAM guidelines. 
We, the authors, have worked for the past several years in 
RAM development am* management of these training 
devices within the general context of AR 702-3, the 
primary source for RAM development guidance in Army 
materiel acquisition programs. As with any good 
regulation, intelligent interpretations, weighing payoffs 
against cost and time, are possible, and we have made 
them, and seen them made, some more successfully than 
others. With ou- share of bruises from climbing up the 
learning curve, we feel we can now speak with some 
authority on what these emerging guidelines are. The 
interesting aspect of this i% that, as yet, the rest of the 
user and development community, to include RAM people, 
whe have net yet had this experience naturally think in 
terms of the standard procedures and each new project 
and each new person coming into the project represents a 
new education effort. This conference is, therefore, a 
timely opportunity to get some of our ideas and 
experience before the training device community, discuss 
»hem, and suggest some steps for recognition of changes 
in RAM policy and procedure that will expedite 
development of adequately available and supportable 
training simulation tyftems. 
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RAM REQUIREMENT DEFINITION 

As we mentioned earlier, RAM performance is 
something that costs money and takes time. The users' 
bottom line is being able to count on the system when he 
needs it, for as long as he needs it. In saying this, it is 
important to understand what overstated RAM require- 
ments mean to the developer and the logistician. The 
developer is com nitted to hi^h reliabi'ity pnrts, heavily 
derated circuits, rigorous QA inspections and redundancy 
ir mission essential functions. When the thing goes down, 
we can't take the time to isolate the failure to the piece 
part, nor to send for the technician and equipment that 
could, so we will replace the obviously failed major 
assembly and be back up in a few minutes. That the 
logistic ian Is now stocking the supply system with these 
major assemblies, instead of just replacements for the 
failed parts, is something we have to decide to afford. 
The off-line time to repair the major assemblies has 
become a secondary consideration, wfy behind that on- 
line tinu to get the system back up. 

With combat systems, when failure or unavailability 
can get people killed and battles lost, it is possible to 
justify some very expensive RAM require;..ents. In the 
Concept Formulation Phase of the Life Cycle 
Management Model (IM PM 11-25) a gen rie process for 
all Army materiel acquisition is sp* .led out for 
justification of requirements, to include RAM 
requ'rements. For this process to work properly, it must 
be carried out jointly by the user and the developer in 
three distinct and separate steps. First the user must 
determine, in profiles of all missions and a nummary of all 
operational modes, just how the system will be used 
throughout      its      life. This     Operational      Mode 
Summary/Mission Profile document can then be used by 
the user and developer to jointly determine a reali tic 
definition of just what will constitute a mission or system 
failure and define objective criteria for determining how 
incidents are to be classified. With the Operational 
Modes summary. Mission Profile (OMS/MI*), and Failure 
Definition and Scoring Criteria (FD/SC) in hand, the user 
and developer can :^en jointly develop numerical RAM 
requirements that realistically relate operational 
readiness and mission success to acquisition cost and 
logistic supportability. The basis for these requirements 
is stated in a RAM Rationale \nnex to the official 
requirements document used to establish the development 
program. The methodology for preparing this annex and 
therefore for arriving at the numerical values, is 
excellently stated in the joint TRADOC/DARCOM RAM 
Rationale Annex Handbook. Besides calling for the 
OMS/MP and FD/SC as input, this procedure also requires 
consideration of the RAM assumptions made in the user's 
Cost and Operational Training Effectiveness. Analysis 
(COEA/CTEA) and of the developer's best technical 
approach analysis performed in Concept Formulation. 
The user then performs an analysis to determine the 
minimum acceptable values that will permit the system to 
be useful to him. The developer determines the best 
operational capabilities that are irv'rren t to the selected 
technical approach and attainable within the projected 
development program. Hopefully, these will differ by 
enough and in the propt. direction, to permit initiation of 
a program with realistic cost and mission effective RAM 
program objectives. 

It ihould be noted, in regard to reliability 
qualification testing, i)at recent changes to AR 702-3 and 
the joint OTE\ TR> iiOC/l)ARCOM baseline FD/SC 
extend operational failure chargab«: v beyond contractor 
produced   hardware   to   ine'ide   (Government   furnished 

equipment and the total support system. This will 
significantly increase the number of items which can 
result in an unsatisfactory RAM report card. Training 
Device contractors should be aware of this important new 
change and thrust in the RAM area. 

We said that we were *oing to discuss variations 
from the standard R\'A procedures that we considered 
applicable to training devices, but, in this case, we find 
the generic model to be admirably applicable to training 
devices as it stands. The unique feature in this case is 
that the generic model does not get applied to training 
device requirements definition as often or as thoroughly 
as it should. The RAM requirements analysis is usually 
done quite thoroughly for major combat systems. After 
all. the Army cannot afford to either gold-plate or come 
up a loser on such highly visible projects. The analysis is 
usually performed, albeit sometimes somewhat 
perfunctorily, (e.g., rarely is a CTEA available in lime to 
support preparation of the RAM Rationale Annex) on 
lesser systems, to include stand-alone or non-system 
derivative training devices. The problem really arises 
when the training package is included in the overall 
development program of a major system. Priority goes to 
definition of the tAM requirements of the major system 
itself and its key support equipment. There doesn't 
usually seem to be enough left over to get around to the 
training devices, at least in time for the statement of 
requirements to have any effect on the development 
program. What results is that the users wind up shaping 
their program around what they are going to get, instead 
of telling the developers what they need in order to run 
the program they want. 

RELIABILITY PROGRAM TASKS 

\n essential reference in preparing or evaluating 
any reliability program is MIL-STD-785B. Th's contains 
descriptions and guidance on the use of the various 
reliability engineering, management and accounting tasks 
that may comprise the reliability program of any material 
acquisition program. This MIL-STD enables the developer 
to put together a reliability program optimized around the 
needs of his particular project, to include training 
devices. These     tasks,     and     their     recommended 
applicability to the major phases of a material acquisition 
program, are shown in Figure 1. 

While these tasks are written with the objective of 
general applicability, there are a nu aber of 
considerations that guide their selection and use in 
training device programs. Many of these will be touched 
on later in this paper. One aspect of training device 
procurement, however, cuts across a number of these 
ta.^cs and should be pointed out in this dircussion. This is 
the tendancy of a training device developer to use more 
commercially available major assemblies and less 
development from the piece part level of major 
assemblies unique to the system. Thus monitoring and 
controlling vendor supplied items is keyed more to 
performance of fewer, more complex items and less to 
inspec'ion of a large number of smeller parts. Failure 
Reporting Analysis and Corrective Action Systems 
(FRACAS) and Failure Review Boards must deal with 
failures within these vendor assemblies that are not 
necessarily controllable by the developer. The analytical 
processes. Failure Modes Effects and Criticality analysis 
(FMECA) and reliability modeling, allocation and 
prediction are facilitated, but also constrained by the 
predetermined characteristics of these fewer, larger 
assemblies. Reliability growth, which, as we shall see, 
needs  help,   can  get   it   by   taking   advantage   of   :he 
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APPLICATION MATRIX 

M1L-STD-765B 
APPENDIX A 
15 SEPTEMBER I960 

TASK TITLE 
TASK 
TYPE 

PROGRAM PHASE      ] 

CNCPT VALID FSED PROD | 

|  101 RELIABILITY PROGRAM PLAN MGT S S G G 

I  L02 MONITOR/CONTROL OF SUBCONTRACTORS 
AND SUPPLIERS 

MGT s s G G 

I    ;o3 PROGRAM REVIEWS MGT s S(2) 6(2) 6(2) 

104 FAILURE REPORTING, ANALYSIS, AND 
CORRECTIVE ACTION SYSTEM (FRACAS) 

ENG NA S G G 

105 FAILURE REVIEW BOARD (FRO) MGT NA S{2) G G 

201 RELIABILITY MODELING ENG S S(2) G{2) 6C(2) 

202 RELIABILITY ALLOCATIONS ACC S G G GC   || 

!  2u3 RELIABILITY '.  ^DICTIONS ACC S S(2) 6(2)  1 GC(2) 

204 FAILURE MODES, EFFECTS, AND 
CRITICALITY ANALYSIS (FMECA) 

ENG s         ' S 
(D(2) 

6 
0)(2) 

GC 
0)(2) 

205 SNEAK CIRLUIT ANALYSIS (SCA) ENG NA NA GO) 6C(1) 

1  206 ELECTRONIC PARTS/CIRCUITS 
TOLERANCE ANALYSIS 

ENG NA NA G GC 

20? PARTS PROGRAM ENG s S(2)(3) 6(2) 6(2)  j 
208 RELIABILITY CRITICAL ITEMS MGT SO) SO) G 6    ! 
209 EFFECTS OF FUNCTIONAL TESTING, 

STORAGE, HANDLING, PACKAGING, 
TRANSPORTATION, AND MAINTENANCE 

ENG NA S(l) .6 ! 6C   1 

301 ENVIRONMENTAL STRESS SCREENING (ESS) ENG NM A G G 

ii  3°2 RELIABILITY DEVELOPMENT/GROWTH 
TESTING 

ENG NA S(2) 6(2) NA   | 

303 RELIABILITY QUALIFICATION TEST 
(RQT) PROGRAM 

ACC NA S(2) 6(2) I 6(2) \ 

|  304 | PRODUCTION RELIABILITY 
I   ACCEPTANCE TEST (PRAT) PROGRAM 

ACC NA NA S 6(2)(3) 

TASK TYPE; 
ACC * RELIABILITY ACCOUNTING 
ENG - RELIABILITY ENGINEERING 
MOY - MANAGEMENT 

CODE MfPINITIpNS 

PROGRAM PljAJfc, 
S - SELECTIVELY APPLICABLE 
G - GENERALLY APPLICABLE 
GC - GENERALLY   APPLICABLE   TO DESIGN CHANGES 

ONLY 
NA • NOT APPLICABLE 

It) - REQUIRES CONSIDERABLE INTERPRETATION 
OF INTENT TO BE COST EFFECTIVE 

U> - MIL-STD-79S IS NOT THE PRIMARY 
IMPLEMENTATION REQUIREMENT 
OTHER MIL-STDS OR STATEMENT OF 
WORK REQUIREMENTS MUST BE 
INCLUDED TO DEFINE T*l REQUIREMENTS. 

FIGURE 1 
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demonstrated reliability within proven components. 5n 
summary, the reliability program for a training device 
must consider and take advantage of the reliability 
program previously earned out in major developed 
assemblies which the training device developer has 
generally greater latitude to use. 

AVAILABILITY 

An obvious difference between combat systems and 
training devices is that in controlling and scheduling the 
use of a combat system, one must concede some degree of 
initiative to the enemy and provide a great deal of 

flexibility to respond to unexpected requirements. A 
training manager, on the other hand, generally has to have 
complete control of his scheduling and rarely does he have 
to schedule equipment around the clock. Thus the typical 
availability requirement for a combat system is long 
periods of standby in readiness for immediate response in 
periods of short intense use. This leads to definition of 
operational availability in AR 702-3 in terms of total 
available time within a stated calendar period. Any 
particular calendar period of use of a training system, 
however, is going to include scheduled periods of 
downtime, i.e., periods when the system is not required to 
be available. Describing operational availability as in AR 
702-3 results, therefore, in stating an availability 
requirement that does not, in fact, exist. PM TRADE and 
the Naval Training Equipment Center have developed and 
used for a number of years availability characteristics 
based on schedulled usage. An article in the Army 
Logistic Center's RAM/ILS Bulletin of November l&il 
addresses this case and provides an operational 
availability definition that uses only the system's 
availability during the periods when it is recuired to be 
available. Publication in this bulletin has not had a 
significant impact on training device ^variability 
specification; however, we anticipate bringing tne idea to 
the forefront in future documents in order that it will 
take a more meaningful place in training device 
availability considerations. 

RISKS 

Risks are the considerations which cause some 
failure modes to be more critical than others and 
i«liability of »me components to be more critical than 
others. In combat systems, these risks are generally those 
that lead to mission failure. Preventing mission failure is 
also, of course, a major objective of reliability 
engineering of training devices, too. We have, however, 
already observed that the generally less catastrophic 
consequence* of failure of a training mission affect the 
level of reliability tl at we can justify paying for. There 
in, however, »me risks that require more stringent 
control than does the combat system. No one wants a 
combat system to be unsafe for its crew, but the level of 
*»fe<y that » sought »-efleets the fact that the battlefield 
is an inherently dangerous place. By Kontrast, death or 
»jury in the training environment are unacceptable. 
Combat is *1» rather hard on the natural environment, 
while preservation of the environment is always a major 
concern of the training manager. These two 
considerations frequently üjübit the use of combat 
systems 1.1 training and make training simulation 
Mceaaary. For example, one of the reasons for tun et 
maintenance trainers is to permit students to work on tne 
drive, hydraulic ard electrical systems without being 
exposed to the telnal levels of force, pressure and 
voltage that are present in the actual turret. Therefore, 
«mile one can perhaps settle for a leaser probability of 
miatio*    aucec»    in    a    training    device,    reliability 

engineering must do its part to absolutely preclude injury 
or environmental damage, risks which are generally 
acceptable at some level in combat systems. A good 
FMECA a..d a FRACAS program are therefore no less 
necessary in the development of a training device. The 
determinants of criticality may, however, differ from like 
analyses and programs in developing a combat system. 

ENVIRONMENTAL DESIGN CRITERIA 

The combat system must work in whatever 
environment the combat takes place. Thus AR 70-38 and 
MIL-STD-810 prescribe »me demanding and expensive 
environmental design criteria: heat, cold, humidity, dust, 
moisture, shock vibration, etc. The training system, of 
course, must work where the training takes place and, for 
some systems, such as the Multiple Integrated Laser 
Engagement System (MILES), that is essentially the same 
as the combat system being simulated. Many training 
simulators can, however, be used in a fully controlled 
environmental shelter, subject to movement only under 
administrative conditions and generally can live with the 
same environmental design criteria as arr; commercially 
applied to fixed, interior electronic equipment. Even 
those training devices that are used in the same 
environment as the combat systems can enjoy »me 
measures of relief from at least the extreme 
environmental criteria imposed on the combat system. As 
we have previously observed, the training manager has 
control over when his equipment will ot used in extreme 
climatic conditions and also, only a relatively small 
proportion of training occurs under those conditions. This 
is in contrast with most combat systems, where any one 
item must be inherently capable of quick deployment and 
use to counter any threat. This suggests that the training 
device can be oesigned to criteria that are less demanding 
than those of the combat system, and a kit or 
modification procedure provided for those relatively 
infrequent and scheduled periods of use in more severe 
conditions. Thus, while the combat systems on whirl«. 
MILES is used were designed for use in the full range of 
the former AR 70-38 climatic categories, MILES was 
specified to only the intermediate categories 5 and 6. 

DURABILITY 

The preceding discussion suggested a possible 
relaxing of standards for the severity of the use 
environment. Paradoxically, this paragraph is going to 
suggest that in the area of durability i.e., resistance to 
wearing out, what is adequate for the combat system may 
not be adequ« ■- for the training device. Consider that 
the gunnery co :»*ols of a tank ere used only when that 
crew uses that tank in gunnery training U" an engagement. 
It is very important that the controls work, but it 
probably isn't subject to very many use hours per year. 
Now consider the same controls in the Armor Unit 
Conduct-of-Fir* Trainer. These *vill be used all day, 
every day by every crew in tht battalion, probably more 
hours in a year than most tank controls will see in the life 
of the tank. Or consider ?n installation set of MILES 
equipment. Each unit scheduled to use it wi!! come out, 
put it on their weapons, run the exercises, take the MILES 
gear off and, after restoring the weapons to inspection 
condition, replace them in the arms room. The MILES 
gear, on the other hand, will be inventoried, maybe get a 
quick check for serviceability, and be back out in the field 
with another unit the next week. Clearly use and wear 
out factors that oetermine the replacement and rebuild 
periods in the combat system must be reconsidered when 
the same component is used in the training device. 
Training systems that are of comparable durability and 
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used on an hour-for-hour basis with combai system may in 
fact see a much shorter calendar life between 
replacement or rebuild. These are considerations that 
need not cause any problems if they are appreciated and 
dealt with in the life cycle support planning for the 
system, but they do cause some nasty surprises 
downstream if they are overlooked. 

RAM GROWTH RATE 

RAM growth management and projection are a 
normal part of any materiel development program and the 
methodology for doing this in training devices is not 
different from that of other comparable materiel. 
Several inherent characteristics of the development 
schedules for training devices do, however, have an 
interesting impact on training device RAM growth. First 
of all, design of a training device to simulate a combat 
system must unavoidably lag the design of the system. 
Changes after the system design is supposed to be firm 
will play crack-the-whip with the training device design. 
Thus the design effort on which the RAM growth is based 
starts later and suffers more rapid perturbation than does 
the design öf the system itself. At the other end of the 
schedule lies operational test and evaluation of the 
system, which at least theoretically includes use of the 
operational training package to train test personnel. 
Evaluation of that package, to include devices, is one of 
*he objectives of the OT&E. Inus the training device 
developmental pefiod, in which the Army's Life Cycle 
Management Model concentrates most of the RAM growth 
of a system, is inherently truncated at both ends, as 
compared to that of the combat system, and perturbed in 
the middle. 

Figure 2 shows the effect of this. In order to have a 
training device that can support the training package the 
device must be available, at its full scale development 
(FSD) reliability level, before the FSD prototype of the 
combat system, yet design cannot start until the combat 
system design is firm. Thus it has an inherently steeper 
growth rat« than the combat system (and those are 
«ot^tiously not conservative), yet it is a lower priority 
system. Not surprisingly, very few, if any, combat 
systems related training devices have ever met the 
schedule of their major combat system. What usually 
happens is shown by the dotted line, where the attainable 
growth rate causes the training device to reach the 
desired RAM goals at a later time than the combat 
system does. If the training device design can perform 
the necessary funct x\s at the start of OT and pre- 
deployment training this lag is not necessarily 
catastrophic, provided some realism has bten employed in. 
planning the initial training cycle:». Specifically, that 
means that the attainable reliability in the prototypes 
that will be available in the early training cycle must r>»> 
recognized and compensated for! For example, more 
intensive contractor surport, rather than the test system 
support package, could be used to provide the required 
availability. This would also apply during the early cycles 
cf post deployment training. The test program should be 
>et up to provide realistic interim RAM goals during the 
formal test period, with follow on RAM growth and 
testing continuing until the fully matured RAM goals are 
met on an attainable schedule. The cost of more 
intensive contractor support or other measures to boost 
availability during the RAM maturation phase is not really 
an added expense; it is a recognition, before rather than 
after the fact, of a cost that is inherently there when 
ptocurernent of the trainii 7 simulator is tied to both the 
design and the schedule of a major combat system. 
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SUPPORT CONCEPT 

't is in the area of Tyr-tc m support that some of the 
most significant differ;ices between combat and training 
system use environments exists. Fundamental objectives 
of combat system support ere to keep maintenance and 
repair of an item as far forward as possible and to 
minimize the skills and special equipment required 
forward to do it. A grest deal of ingenuity has gone into 
meeting these two seemingly countervailing requirements, 
and the results, as noted in the introduction, are not 
inexpensive. The support system must also be fully 
transportable with the combat system, to include 
operating under combat conditions. An effect of this is 
that the support must be provided by uniformed personnel 
and the allowable tasks become constrained by the skills 
that can be taught in the military training context. It 
also means that support equipment must be transportable 
and operable under some very adverse conditions. It 
means that everything needed to operate and maintain the 
system must be available through the Army supply 
system. In summary, all the way back to its roots, the 
'.»< pport system is, or can be, detached from civilian 
industrial or commercial resources. 

Obviously, such extreme support measures apply 10 
few if any training devices. Those tha* art placed in the 
TO&E of a tactical unit come closest to such support 
requirements. Such devices would require Jie totally 
transportable and Army contained support system. Since 
the training systems will mevitably have a lower priority 
than the unit's weapons, transportation and 
communications systems, it is most important that sucn a 
training dev>e impose a mi, imum burden on the owning 
unit. This means no additional skills can be required. It 
means minimum maintenar.?e, parts stockage or 
additional tools and test equipment. These conditions 
have generally limited TOAE training equipment to very 
simple devices. 
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The more common case, applicable to more complex 
devices in which the support requirements become more 
demanding, ar^ t'^.ose whe^e the device is treated as part 
of the Po?t, Camp and Station property. It may, in fact, 
be on fhe property book of a tactical unit, but not as an 
item to be carried to the field and through combat with 
them. If the unit moves to another station, the trainer 
would be shipped administratively. Obviously, a lot more 
options are available for supporting a training system in 
this environment than in the full TO&F. environment. It 
remains true that use and support of the device should not 
be a burden to the unit. Yet we are now dealing with 
devices that require seme unique skills, training and 
logistic effort to use and support. We must obviously take 
advantage of the access to fixed facilities and civilian 
industrial skills that the garrison environment affords. 
Operator 'organizational maintenance becomes reduced to 
simple GO-NO GO checks with turn-in to a central 
facility (or facility contact team) for any failed units. 
The trainee operator is not to be burdened with any 
additional learning in order to be able to use his training 
device. The central facility will therefore provide any 
unique operating skills that rniy be needed. This centra* 
facility, which can be either a contract operation or a 
Government industrial one, also equates to the DS/GS 
level in the combat system support model. It should, 
however, be able to effect significant economies over a 
ield DS/GS operation due to its personnel stability and 

technical skills, access to fixed industrial facilities and 
commercial sources and the scheduled nature of training 
equipment use. 

TYPE CLASSIFICATION 

The environment in which the training device is used 
in a scheduled manner, at a given station and supported 
out of an industrial facility is, WP have seen, a major 
departure from the one in which most type classified 
standard Army systems are used. The check list of plans, 
studies, tests, reports and evaluations by which the 
materiel acquiition decision process arrives at a type 
classification standard decision is necessary to insure that 
ail elements of that transportable self-contained support 
system are in place and balanced with regard to each 
other. It goes far beyond merely ensuring that the 
performance of the system is adequate. It insures that all 
parts, tools, and test equipment are correei'y entered in 
the Army supply system, all :ikills necessary to use and 
support the systei.i are correctly identified, that stand- 
alone literature is in place, that everything is 
quantitatively distributed where and when it will be 
needed and can be moved as tactical or stra'egie 
exigencies may dictate. 

No one would say that e garrison use training system 
should be put in place without adequate planning for its 
support, but some economies relative to the effort for a 
worldwide combat survivable support system may be 
attainable. Let us look at what is really required. The 
Government should require the contractor to develop and 
document a complete technical description, identify, 
describe and validate ail maintenance and repair tasks, 
alontf with the skills, tools and written instructions to 
perform them, establish parts stockage and se rates and 
validate commercial transportability. These are the 
things the Government needs to set up it? own industrial 
support operation or to "should cost" or compete a 
contractor support operation. They are still a far cry 
from MIL STD documentation, accession of all end items 
parts and tool to the Army supply system, Arr;.y peuonnel 
and force structure realignments and school curricu! im 

changes. Appreciable savings in cost and time have been 
realized when acceptance procedures for such training 
devices have recognized the differences in support 
environment from a standard combat system. 

SUMMARY 

We have seen that the Army's policies and procedure 
for defining and specifying RAM requirements and 
managing the attainment of those requirements are 
largely modelled around combat systems, though they 
contain the flexibility to adjust to other systems. The 
training system sometimes lacks priority, in competition 
with the combat system, to get a timely and adequate 
definition of its RAM requirements. There are also a 
number of differences in the use environment, 
development processes and support concept of training 
devices that require the application of that flexibility. 
Component and part vs. major assembly considerations 
effect the reliability program. Availability definitions 
need to take full advantage of the training managers 
greater control over how and when the device will be used 
and of regularly scheduled periods of downtime. Risks of 
mission failure that are unacceptable in a combat system 
must be balanced against cost in a training system, but 
risks of injury and environmental damage that can be 
traded for mission performance in a combat system 
become unacceptable in a training system. We can take 
advantage of the generally more benign and controllable 
environment in which training devices are used to relax 
some of the very severe environmental standards to wh.ch 
combat systems are built. On the other hand the more 
frequent use that training devices receive means that we 
must either build more durability into them or accept 
more frequent rebuild or replacement. We cannot expect 
the training device to achieve RAM maturity in the same 
growth pattern, relative to the decision points, that the 
combat system does, if we must inherently curtail and 
perturb its design and development period and assign it a 
lower priority. The training device has access to a much 
less expensive and laborious support concept than is 
necessary for combat systems. This, in turn, means that 
some (by no means, all) of the steps in justifying type 
classification standard of a combat system are not 
necessary for training systems. 
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ABSTRACT 

^*Two prototype low-cost systems have been developed for air crew training. These systems provxde 

instruction in cockpit procedures and various flight tasks at approximately one quarter the cost of 
conventional training approaches. Savings .ire estimated to be $1.5 million for one o( the low-cost 

systems, a cockpit procedures trainer for the SH-3H aircraft; $3.2 million savings are estimated for 

the other low-cost system, a part task trainer for the EA-3B aircraft. This report discusses the 

cost-saving approaches and the acceptability and cost effectiveness., associated with these tvo 

developments. Efforts to translate the low-cost approaches to several ^'follow-on production systems 

are discussed. Research and development plans for further improving low-cost training technologies 
also are described. 

T 
INTRODUCTION 

The military requires training systems 
that cost less than current systems and still 

perform at least as well. Costs to be saved 

include not just dollars, but also personnel, 
energy resources and time - time for system 

development, maintenance efforts and oper- 
ator/instructor personnel. 

Unnecessarily high training costs in any 

of these resource areas always have been 
undesirable. Nevertheless, for the most part, 
the training community received the resources 

they requested and used the resources to 

provide useful but excessively expensive 
training systems. High training costs are no 

longer just uiv'esirabie; they are intoler- 

able. No longer ire ample resources available 

for training. Tf Mlitary training is not as 

efficier t as it can be, there will not be 
enough resources to go around, and the result 

will be reduced Navy effectiveness. Research 

and development (kaD) offers a possible solu- 

tion to this problem by showing how to build 

more cost effective training systems. Such 
R&D should allow wider distribution of effec- 
tive training system« in the Fleet, with 

consequent benefits to Naval operations. 

In pursuit of this R&D solution the ulti- 
mate goal of the P&D program discussed in this 

report la to improve the process for acquiring 
"low-cost" training system, i.e., systems 

that are lower in cost (in all critical 
resource ar^as) than conventional systems, but 
no less effective. To achieve this goal, 
low-cost training systems are conceived, 
designed and developed, and then implemented 

and evaluated in operational settings. 
Efforts are made not only to describe the cost 

savin? features of the R&D developments, but 
also to formulate general procedures and 
rationale for the de;ign of additional and 

better low-cost systems. 

Distinguishing features of this R&D are: 

•   Comprehensiveness - To assure  that 
resources saved at one point are not 

paid back at another, this R&D is 
concerned with all phases in the life 

cycle of a training system, from 
conception through obsolescence. 

• Operational Implementation - Heavy 
emphasis is given to urgent opera- 

tional requirements for use of the 
products; from these projects. 

• Eclectic Approaches - A variety of 
diverse areas and methods (e.g., 

performance measurement, visual 
displays, instructional strategies, 
etc.) are employed in efforts to 

reduce training costs. 

*t Cost Reduction - The emphasis is on 
reducing the costs of training cer- 
tain skills to a specified minimum 

level, as opposed to enhancing 

student performance (which, neverthe- 
less, is expected as a side benefit) 
with associated increases in initial 

training costs. 

in line with the project objective, begin- 
ning in 1978, two prototype low-cost aircrew 
training systems have been conceived, 

designed, and fabricated. Costs were $335.,000 
for a low-cost cockpit procedures trainer 
(LCCFT) for the SH-3H aircraft, and $800,000 
for a low-cost part task trainer (LCPTT) for 
the EA-3B aircraft. These costs are approxi- 

mately one-fourth that of comparable conven- 
tional training systems.* Table 1 shows, for 
each aircraft, the costs and designations of 
the low-cost and conventional trainers. 

* The 75 percent savings attributed to the 
low-cost systems is a conservative estimate to 

allow for errors in estimating costs for the 

conventional trairers. The estimates were 
based on origin*' system costs corrected for 

inflation and costs of similar, more recently 

developed trainers. 
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Aircraft 

TABLF 1 .  COSTS FOR LOW COST 

AND CONVENTIONAL TRAINERS 

Device Cost 

SH-3H   2C44 (Conventional CPT)**  $1,800,000 
2C62 (LCCPT) $ 335,000 

EA-3B   2F29 (Conventional OFT)***  $4,000,000 
2C63 (LCPTT) $ 800,000 

reduced 34 percent in a preliminary effort, 

and further reductions in instructor time 

(along with improved trainee performance) are 
expected with improvements in device utiliza- 
tion procedures. This reduction saves person- 

nel costs; hut, more importantly, it allows 
greater utilization of the limited number of 

available instructors for other important 

tasks. 

DESIGN CHARACTERISTICS AND CONCEPTS 

**CPT = Cockpit Procedures Trainer 

***0FT = Operational Flight Trainer 

The dollar amounts specified for the two 

lov-cost systems do not include costs for 

Government furnished equipment (GFE). 
Although soifle GFE was used, GFE equipment, as 

opposed to simulated parts, was not considered 

necessary for training effectiveness. (In 

support of this, many of the components sup- 
plied Dy GFE in Device 2C63 were simulated in 

Device 2C62, with no apparent loss in training 

effectiveness.) The GFE that was used was 

included in the low-cost devices because it 

was available and desired by the Fleet Project 
Team. 

Design Characteristics 

The low-cost systems consist of: (1) 
Device 2C62 (see Figure 1), an LCCPT designed 
to provide training for all normal and emer- 

gency cockpit procedures as performed in the 

SH-3H helicopter; and (2) Device 2t63 (see 
Figure 2), an LCPTT constructed to train all 

normal and emergency procedures and many 
flight and navigation tasks required for the 

F.A--3B aircraft. 

GTE in Device 2C62 consisted only of the 

throttle quadrant, which was used instead of 

modifying a simulated throttle quadrant, which 
was originally provided with the trainer. All 

else was simulated. GFE for Device 2C63 
included all panels and inactive switches, 
some active switches, throttle and throttle 

quadrant, yoke and rudder pedals. Simulated 
equipment corsisted of some active switches, 
all instruments, all wiring and the shell. 
Additional costs for simulating the components 
which were provided for by the GFF. are esti- 

mated at approximately $200,000 for Device 
2C63 and $10,000 for Device 2C62. These costs 
were not included in the prices for the two 

low-cost devices because the prices given for 
the conventional trainers also do not reflect 

GFE costs. These unaccounted costs would be 
expected to be HL great or greater for conven- 

tional systems than for the iow-cost systems, 

because an effort was made to discourage use 
of GFE part for the lov-cost systems for pur- 

poses of the R&D project. The seventy-five 
percent savings claimed for the low-.-ost 

systems is valid, however, even if these addi- 
tional GFE costs are added to the low-cost 
systems costs and not to those of the conven- 

tional trainers. 

Figure 1.  Device 2C62 (LCCPT) 

Development times for the low-cost systems 
ran^e between on»- to »wo years versus two to 
four years required for convention«) pro- 

grams. Although not fully demonstrated yet, 
the modular and simpler low-cost design Is 
expected to produce fewer maintenance prob- 

lems, with reduced repair time and costs. 

Additional life-cycle savings wiU be 
realised from less expensive facility require- 
ments lor low-cost systems. Also, instructor 

involvement with the training process has been Figure 2.  Device 2CM (LCPTT) 
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Detailed descriptions of the two low-cost 

systems may be found in a generic specifica- 

tion.^ The description that follows is 

intended to identify the general nature of the 

systems, their principal training features, 
and differences between them and convention- 

ally designed, higher cost counterpart train- 
ing systems. 

General Nature. Fach low-cost system has 
three major exponents: (1) the cockpit, with 

controls and displays representing those of 
the real aircraft; (2) the instructor/student 

station, providing a means for proulem initi- 

ation, performance monitoring, data retrieval 
and computer programming; and (3) the computer 

system, which activates and coordinates all 
other systems of the trainer. 

The simulated cockpits contain functional 

components which are similar to the aircraft 

in relative position, size, appearance, 

tactile and proprioceplive feel, and operating 

characteristics. Cockpit displays significant 

to training react to student actions in all 
important respects just as dees the actcal 

aircraft. Flight control feel is simulated 

only in Device 2C63 (yoke and rudder). 
Appropriate sound cues of the aircraft also 
are simulated. Nonfunctional mockups were 
used where functional components are not 

cost-effective. These mockups duplicate the 

corresponding components ol the aircraft in 
appear?nce and location only. As described 
earlier, some Government furnished equipment 

was used. 

Principal Training Features. The instructor/ 

student station contains keyboard controls and 
CRT displays, and is located for convenient 

operation by an ii structor. The ccr.trols and 

displays can be rotated into position for 
operation by a student instructor or for self- 
instruction. (For some training sessions, the 

instructors' normal interactions with trainees 

were replaced by allowing the trainee to prac- 
tice procedures in the devices on his own or 

with the assistance of another trainee.) To 
set up a problem, .me presses a key on the 
keyboard, which automatically creates displays 

which are appropriate fcr the procedure to be 
performed. The CRT lists cockpit controls 
that need to be repositloned manually before 

the procedure begins. When these controls are 
In proper positions for the procedure, the 

student attempts F.o perform the procedure in 

the usual banner through operations in the 

simulated cockpit. Approximately fifty normal 
and emergency NATOPS (Naval Air Training and 

Operating Frocedures StandardiratiotO proce- 
dures can be practiced in this way and over 

100 indivouai aircraft Malfunctions can be 
presented to the student in a similar fashion 

with each oi the two low-cost systecis. 

To complete a Prestart Checklist Proce- 

dure, for example, the trainee performs the 

following steps: (1) complete "Preflight" 

operations; (2) check "Upper Fuel Caps/Sextant 

Cover/Spoilers Flaired"; (3) assure that 
"Cabin Circuit Breakers" are in; (4) assure 
that "LH or RH Fuel Boost Circuit Breakers" 

are in; and so on to the end of the proce- 

dure. Procedures vary in length from seven 

steps (e.g., a hydraulic failure) to thirty- 
two st3ps (for a start procedure) with many 

actions required tor most steps. 

Errors made during the execution of the 
procedures are indicated by displaying on the 

CRT or haru copy printout, the numbers and 
names of the procedural steps performed 

correctly, incorrectly or omitted by nhe 
trainee, in the order of their performance. 

The time for completing the procedure is 
indicated on the hard copy printout and the 

CRT. 

To indicate a student's progress, a record 
of the performance of each student instructed 
on the system is shown for each procedure. 

These records include, fc«g«, the number of 

errors on the last four trials, total trials, 
etc. Cumulative totals are provided across a 

class to indicate group progress and to allow 
an individual to compare his performance with 

his classmates. Examples of these totals 
are: the number of trainees who attempted 

each procedure, the number of trainees who 
achieve criterion perf ^rmance on each proce- 

dure, etc. 

The LCPTT, in addition to all NATOPS cock- 
pit procedures, allows training for normal and 

eme.-gency flight tasks* as indicated in Table 

TABLE 2.  FLIGHT TASKS TRAINED 
WITH THE LCPTT 

- takeo^fs       - tal.eoff/landing 
emergencies 

- climbs - flight rontrol boost 
system failures 

- tur-.is - run away trim 

- cruise - fuel management proceoures 

- descents       - TACAN and radio navigation 

• approaches      - radio/communications 
procedures for crew 

coordination 

- landings       - instructor simulated 
ground communication 

* After comple:ion of the training effective- 

ness evaluation, the LCCPT (Device 2C*2) was 
modified ir accordance with the instructors' 

requests to include limited flight capabili- 

ties. Altitude, speed and pitch simulation 
could be controlled with collective inputs. 

This provided a task for tlme-shar InR practice 

with cockpit procedures, allowing trainees to 

learn to perform the procedures and control 
the aircraft, simultaneously« 
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Low-cost visual displays (developed in 

part under a different R&D project at this 

Human Factors Laboratory) complement instru- 

ment displays with schematic, computer gener- 
ated imagery of carrier and field landings in 
the practice of flight tasks. A low-cost, 

torque-motor control loading system (adapted 
from a similar system developed by the Naval 

Air Test Center at Patuxent River) will soon 

be implemented in efforts to increase the 
fidelity of the "feel" of yoke and rudder 

control movements. 

Differences with Conventional Systems. 

There are four major differences between the 

low-cost systems and their conventional coun- 
terparts: (1) the low-cost systems are lower 

fidelity devices with respect to some of their 
components and response characteristics (see 

next section for examples); that is, the phys- 
ical similarity of the low-cost systems to the 

actual aircraft is less than is that of the 
conventional systems; (2) the low-cost systems 
include simulation of engine and other sounds 

associated with performance of the training 
tasks, whereas conventional CPT and part task 

trainer (PTT) systems include no sound simula- 
tion; (3) the design of the low-cost systems 

permits a limited self- and peer-instructional 
capability including computer aided problem 
set-up, and automatic scoring of student 
performance^; and (4) commercial standards 

were used for system parts and documentation. 

Design Concepts 

The design characteristics described in 
the foregoing, which are responsible for the 

noted cost savings, are the result jt consci- 
entious applications of rather pedestrian 

design concepts. Generally, the design con- 

cepts indicate that training systems should 
include: (a) only features essential for 

achieving the training objectives; and (b) 

instructional aids that facilitate the learn- 

ing. Significant contributions to achievement 

of the low-cost goals are found in day-to-day 
implementations of the low-cost design con- 

cepts in the face of a variety of problems 
associated with computer automation and field 
sett i-gs. 

Guidance for the application of the low- 
cost design concepts may be found in the 

previously referenced ^eneric specification. 
More general and extended guidance is being 

developed 'n the forms of guidelines for per- 
forming the analyses that dictate the low-cost 
features.^»4 Further guidance also is ">eing 
initiated, with the supnort of the Office of 
Na"al Research, in the forms of systematic 
approaches tu help assure that particular 
characteristics of training systems, manage- 

ment procedures, procurement policies and 
organizational variables «re maximally con- 

ducive to the deilgn, acceptance and use of 
the training system. The Importance of such 
guidance is especially Important for Innova- 

tive technology, as with low-cost systems, 

where the goal Is cost effective training, 
rather than replication of »ome operational 

environment. Without such guidance, training 

programs are built in accordance with far less 

than the best of available technology, and 

desirable features of systems are not well 

utilized (seev e.g., Caro, Shellnut and 

Spears).-> 

Analyses were performed to include in the 

training system only the minimal features 

required to satisfy the training objectives. 
To accomplish this, discussions were held 
among Hum3n Factors personnel, engineers and 

subject matter experts in which efforts were 
made to determine whether certain cost-saving 

features, as listed in Table 3, could be 
implemented for each training task, with no 

loss in training effectiveness. These anal- 

yses resulted in simulation fidelity levels 
that are lower than those of conventional 

systems. 

TABLE 3.  COST SAVING FIDELITY FEATURES 

Elimination of redundant capabilities 
Approximate (vice exact) cockpit dimensions 
Chairs vice aircraft-type seats 
Photographs vice panels 

Compressed instrument faces 

Restricted needle movements 
Discrete vice smooth needle movements 

SMk screen instrument faces 
Malfunctions that give onset cues but not 

progressive degradation 

Limited flight dynamics 

In reference to Table 3, a i>.alfunct ion 
needs to be simulated only with one engine if 

required operator responses to the same mal- 

function in the other engine are the same. 
Simulation of the various engine malfunctions 

would be distributed among all engines, how- 

ever. This also applies to hydraulics, fuel 
tanks, generators, etc. The approximate cock- 

pit dimensions of tne low-cosl systems were 

not noticeably different from more exact (and 
costly) constructions. Tasks could be learned 

as well using chairs instead of more expensive 

seats. In many cases, photographs of a panel 

were as useful as more realistic panels. 
Graduations on instrument faces cou<d be 

compressed imperceptably and the full range of 

net-die movement could be reduced for some 

tasks to help restrict rreedle movements to 2 70 
degrees (allowing the use of a D'Arsonval 

meter movement rather than more expensive 

servo mechanisms). Discrete needle movements 
could be used, instead of smooth movements, 

where the dviamics of the movement were not 
important cues for action. (Trainer cockpit 
indicators dc not have to move as far or track 
<i- the idevr ual manner as the aircraft Indi- 

cators if th'se characteristics are not essen- 

tial cues, as determined in discussions with 

subject matter experts, for the tasks to be 
learned.) Silk screening methods were iess 

expensive than using real instrument faces. 

The simulation of a malfunction was KraiinateJ 
at 9 point where Important cues for action are 

provided;  all  the effects of  inappropriate 
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actions are not provided. (For example, cues 
for an engine fire are simulated without 
including progressive degradation of the 

system that results from failure to correct 

the emergency.) Flight dynamics limited to 60 

degrees for bank and 45 degrees for pitch 

saves money and still were sufficient to pro- 
vide significant flight training. In these 

cases, higher fidelity would not contribute to 
greater training effectiveness; or at least, 

the contribution was not considered sufficient 

to justify the higher costs. 

As with any training system, learning not 

achieved in the low-cost systems is accom- 
plished with other vaedia (e.g., classrooms, 

operational-flight trainers, aircraft, etc.) 

where the learning is mere cost-effective. / 
trainee, for example, adjusts rapidly to the 
real panels of the aircvaft when trained with 
pictures of panels that are not directly 

involved in the procedures *o-be-learned; 
especially where, e.g., operational flight 

trainer (OFT) sessions with more realistic 
panels are involved. It is more cost effec- 
tive to achieve the small amounts of learning 
associated with realistic panels in the OFT or 
aircraft, because the realistic or real panels 

are required in the systems for other critical 
functions. The learning, therefore, is 

accomplished with no additional development 
costs; and because the learning is rapid, 
increases in utilization costs (of the OFT or 

aircraft) are small. 

Decisions regarding the design of "train- 

ing aids" (e.g., automated performance moni- 

toring, student performance records, assisted 
problem set-up, etc.) were based largely on 
( ^eir exvectfd contributions to the: (a) 
i jerauion of the training system; (b) cueing 

of appropriate trainee responses; and (c) 

provision of useful performance feedback to 
trainees and instructors. 

ACCEPTABILITY AND COST-EFFECTIVENESS 

Device 2C62 Evaluation 

The acceptability and training effective- 
ness of the LCCPT under normal and modified 

conditions of use have been documented.* 
Information was obtained from two separate 

evaluations at two different operational sites 

(HS-1 and HS-10). Results from the first 
evaluation indicated that the LCCPT does what 

It was designed to do. The LCCPT allowed 

training of the same content, to the same 
level of proficiency, and with tqual effi- 

ciency as the more expensive, conventionally 
designed counterpart device. The second eval- 

uation demonstrated that, with proper utiliza- 

tion procedures, the role of the flight 
instructor when training with the device could 
be reduced. 

The first evaluation consisted of a trans- 
fer-of-training experiment. Performances of 

trainees who were Instructed on the low-cost 
device were compared with performances of 

trainees taught on the conventional device. 
The comparisons were made both in the trainers 
and in the aircraft. 

A savings of $1.5 million was realized 
with the iXCPT on development costs alone 
(£335,000 cost for Device 2C62 versus $1.8 
million cost for Device 2C44), and trainee 

performance in the trainers and aircrrft was 

equivalent for the two systems. Table 4 shows 
the time required by trainees to achieve 

satisfactory performance in the aircraft and 
devices for the low-cost and conventionally 

trained groups. The hours-to-proficiency in 
the trainers and aircraft are in favor of 

(i.e., lower for) the low-cost device, but 
these differences do not approach statistical 

significance. 

This, genera 11 v. is the rationale for 

designing the training fidelity, defining the 
task components tc-be-trained with various 

media ind providing instructional ano operat- 
ing aids for the two prototype systems. The 
approach appears to be valid (see evaluation 

results in the lollowing section) in the 
current applications. Details of the current 

approach need to be better documented and its 
cost effectiveness needs continually to be 
increased. 

Approximately 50 percent of the noted 

savings in development costs Is attributable 

to these "fidelity" analyses. The remaining 
*>0 percent savi\gs is due to the use of equip- 
ment and documentation thai satisfy but do not 
exceed the requirements for *drainirtering the 

training ant supporting the system. Commer- 
cial (vice military) parts and standards sj-ne 
employed to obtain approximately equal savings 
for less costly materials And less complex 
document at ion. 

TABUS 4.  TRAININC TIMES IN HOURS 

FLIGHT 

Aircraft Device 
Train! ng Training 

2C62 (LCCPT) Group 

Mean 15.58 14.33 
S.D. 0.81 1.11 

N 6 6 

2C44 (Conventional 

CPT) Croup 
Mean 16.68 15.81 
S.D. 2.70 2.:e 
N 16 16 

Mean Di f 1.10 1.48 

t 0.97 1.45 

The f.CLTT required modifications to 
Increase its simulation fidelity for a few of 
its components in order to be acceptable to 
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instructors involved in the first evaluation. 

As described previously and indicated in Table 

4, the lower fidelity levels appear not to 
have degraded critical task performance. In 

order to adapt to the lower fidelity of the 
new device, the instructors did modify their 

normal instructional methods. The instructors 
emphasized to the trainees operational cues 
that were missing in the device in order to 

achieve the high standards reflected in the 
evaluation results. This could account for 

the high student performance in spite of the 
lower device fidelity. This research demon- 

strates, at least for the procedures moni- 

tored, that instructors can use lower fidelity 
devices to achieve training results that are 

equal to those of higher fidelity devices. 
The LCCPT was modified to inclu e significant 
changes recommended by the instructors prior 

to the second evaluation. 

The instructors expressed confidence in 

the basic ability of the LCCPT. Additional 
validation of this opinion was a contribution 

of the second evaluation. The training condi- 

tions of the second evaluation were suffi- 
ciently different from those of the first 

evaluation to test the "robustness" of the 
LCCPT, i.e., its ability to continue to train 

as well under a variety of operational condi- 

tions. 

Experimental data on a conventional train- 

ing system were not obtainable for comparison 

with the LCCPT in the second evaluation. 
Therefore, a detailed comparison of perform- 

ance of low-cost versus conventional devices, 
as was done in the prior evaluation, was not 

repeated. However, in the second evaluation, 
the LCCPT satisfied operational standards for 
trainee performance as a replacement for an 
Operational Flight Trainer (uevice 2F6AB) in 

svllabus sections that called for cockpit 
procedures training. All four trainees 
received satisfactory ratings in the LCCPT. 

Only one of the four trainees failed a proce- 

dure in the aircraft, a normal occurrence 
according to the Instructors. This finding 

extends the finding from the first evaluation 
- that the LCCPT provides training for cockpit 
procedures that is the equal of a convention- 
ally designed system - to another situation 

and another system. The similarity of results 
across the two situations helps to establish 
that the conclusion derived from the first 
evaluation concerning the high training effec- 

tiveness of the LCCPT does have general valid- 
ity. 

The second evaluation was conducted to 
determine whether the training effectiveness 

of the LCCPT as observed In the first evalua- 

tion could be extended to a situation wherein 
peer- and tr\ *'-instruct ion ar> used to 

streamline the instructors' interactions with 

trainees. This evaluation showed that some o! 
the relatively costly and much demanded 
instructor time could he redirected to ether 

activities, with no apparent training detri- 

ment« A 34 percent reduction (10 Lours tor 
traditional  approach  versus (-.i>     hours  for 

low-cost approach) in the time instructors 

normally spend with trainees, was obtained. 

This reduction, however, was accompanied by a 

166 percent increase (10 hours versus 26.6 
hours) over previous syllabus schedules in the 

amount of time the device was used by trainees 

(student voluntary access to the device was 
unrestricted). The extent to which this 
tradeoff between decreases in instructor time 

and increases in device usage time is neces- 
sary with the current or any other approach is 

not known. Further, the extent to which this 
tradeoff may have undesirable effects (e.g., 
where device time is more scarce than instruc- 

tor time) also is not known. 

The LCCPT provided instruction for six 
additional trainees from two classes which 
immediately preceded the class from which the 

present data were obtained. The performances 
of trainees from these prior classes were not 

included in the foregoing analyses because the 

peer- and self-instructicn conditions were not 

yet sufficiently implemented with these 
classes to test their efficacy. (The 

instructors needed to become more familiar 
with and confident about the new device and 

syllabus before integrating the peer- and 

self-instructional procedures into their 

training routines.) Thus, the data from these 
earlier classes do not reflect on the major 

experimental issue of evaluation two. These 
"pilot" data, however, do provide additional 

support for the basic effectiveness of the 

LCCPT. All trainees from these two earlier 
classes passed all tests in the trainer and in 

the aircraft; in fact, their ratings were 
quite similar to those of the third class—the 
class of major concern for the second evalua- 

tion. Mean performance ratings for trainees 
in these two prior classes were 3.05 and 3.06 

in the LCCPT and 3.05 and 3.02 in the aircraft 
for the first and second classes, respec- 
tively. These ratings are comparable to 

ratings for the third, "experimental" class, 
i.e., 3.08 in the LCCPT and 3.02 in the air- 
craft. Thus, these "pilot" data are consis- 
tent with the conclusions derivec from the 

other data presented in this report from both 

evaluations of Device 2C62. 

Device 2C63 Evaluation 

A $3.2 mil'ion savings ($4 million cost 
for a modern version of Device 2F29 versus 
lPOC.000 for Device 2C63) is estimated for 

development of the LCPTT relative to the costs 
for developing a conventional system to train 

the same skills. Although data on trainee 
performance ;till are not yet ready for analy- 

sis, the LCPTT has been providing training in 

the Fleet (at VAQ-33, Key West) since early in 
19 81 to the apparent satisfaction ol trainees 

and instructors. In addition to evaluation of 
overall effectiveness, special efforts will be 

made to evaluate the contributions of the 
low-cost visual and control loader by compar- 
ing the training effectiveness of the LCPTT 
with and without a visual and with the control 

loading system versus a spring-loaded control 
SVStl'B. 
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TRANSLATION OF BENEFITS FUTURE PLANS 

The products from these projects already 

have changed some long- and strongly-held 

beliefs and attitudes regarding training 

system design and use. Actions also are 
changing. First, the low-cost training 

systems developed '.nder this R&D program have 

been adopted to provide "valuable priority 
training..." (HS-10 message of 19 Jan 82) in 

Fleet applications, in accordance with the 

experimental demonstrations. Second, the 
savings demonstrated for the two low-cost, R&D 
systems are being translated into similar 

savings for several production training 
systems; the costs of these production models 

represent significant breakthroughts in train- 
ing system design. Of even greater signifi- 
cance, however, is the role these projects can 
play in opening the door for exploration of 
the much greater potential that the training 
technology field appears to offer. 

The prime targets for current products are 
CPTs and PTTs developed by the Navy. Several 

"follow-on" trainers,* which are largely based 
on or significantly influenced by the current 

products, have been tasked for development by 

the NAVTRAEQUIPCEN, in addition to the two 

original prototype trainers. In addition to 
air crew trainers, one of the follow-on 
trainers will teach driving skills for an 

assault amphibious vehicle. The contribution 
these products can make to still other type 

trainers has not yet been determined. It 

appears, however, that significant contribu- 
tions from current products can be made to a 
wide variety of trainers. 

In addition, low-cost CPTs are being 

developed for commercial use by Appli-Mation. 

Inc., and American Air Lines for a variety of 
different aircraft, e.g., DC-8 (1 unit for 
Trans American Airlines); S-76 (1 unit for 
American Air Lines); 73 7 O units; for CPAIR, 

Gatwick Training Center and Southwest 

Airlines); 727 (2 units; for Mexicana Air 
Lines & Federal Express). These commercial 
training systems are based on the designs of 
the two prototype systems developed under the 

current projects and show similar cost 
savings. Similar to the two prototype 
systems, the costs of the commercial and the 
NAVTRAEQUIPCEN production low-cost develop- 

ments are approximately 75 percent less than 
conventional counterparts with, in some cases, 

a decrease in required fnstructor time. Thus, 
the current project is responsible for an 

approach to training system design tha'. in its 
ramifications apparently is m^kedly changing 
development practices, both in and out of the 

Navy. 

The current training systems are consi- 

dered to be p?-oducts of relatively conserva- 

tive applications of low-cost approaches. 

(For example, video disc, computer generated 
imagery and computer assisted instruction 

technology might replace actual three- 

dimensional cockpit simulations.) Exploit- 
ation of this potential should involve defini- 

tion and demonstrations of the most cost- 
effective combinations of fidelity designs and 

utilization procedures. Preliminary guide- 

linos need to be completed for facilitating 

the application of low-cost approaches as well 
as the acceptance of the approaches and the 
products by the user community. Then, these 

guidelines need to be tested and improved. 
The desirability of incorporating the guide- 

lines into an automated system developed at 
this laboratory for aiding in the process of 
instructional system design^»'»" needs to be 

investigated; and if desirable, the guidelines 
need to be incorporated. 

The current training effectiveness evalua- 
tion for the LCPTT needs to be completed, and 

life-cycle data are needed on low-cost systems 

to assess cost-effectiveness over the life of 
the systems. 

These and other efforts are needed to help 

assure that the advances made in the current 
program are not lost. Worse yet, the advances 

may become human factors and general training 

setbacks through misunderstandings and misuses 
of the new approaches. These dangers are 
quite real in that the "follow-on" production 
systems currently being developed are based in 

large part on the partially defined and 
sketch!ly documented low-cost approach. 

Training system development, in all forms, is 
a highly complex and creative process. The 
complexity and demands for creativity of rela- 

tively new approaches, such as the low-cost 
developments, are highly amplified, ard will 

continue to be until more of the questions 
concerning low-cost approaches can he answered 
and more of the process becomes routine. 

Enough justification for low-cost 
approaches has been provided by the current, 

and other, related investigations to encourage 
significant investments of R&D resources 
toward demom;trating and improving the tech- 
nology and to recommend careful implementation 
of low-cost approaches in operational training 
programs. 

* Production trainers uider devcloptaent at the 
NAVTRAEQUIPCEN that are based on and/or 
heavily influenced by the product» of this 

project include Device* 1 7A* \ 2CMA. 2Ch4. 
2CM, 2Cfe7, and a CPT for the EA-6B aircraft 

(device designation not yet know»). 
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TACTICAL GROUND ATTACK: ON THE TRANSFER OF TRAINING 
FROH FLIGHT SIMULATOR TO OPERATIONAL RED FLAG RANGE EXERCISE 

Ronald Hughes, Rebecca Brooks, Douglas Graham, Ray Sheen, and Tom Dickens 

Oöerations Training Division 
Air Force Human Resources Laboratory 
Wil'idms Air Force Base, Arizona 

ABSTRACT 

A-10 pilots who rehearsed surface attack skills under high threat 
conditions in a flight simulator survived a significantly higher proportion 
of total RED FLAG missions than did pilots who did not receive the simulator 
training. These data support the notion that simulator training may have a 
significant influence upon aircrew survivabi1ity in high density ground 
threat environments. 7 

INTRODUCTION 

While several studies (Kellogg, Prather, and 
Castore, 1980; Hughes, Engel, and Lidderdale, 
1981) have shown that it is possible to obtain 
significant improvements in both offensi-e and 
defensive skills under conditions of moderate to 
high threat density in a flight simulator, there 
exist no data to show that this improved perfor- 
mance transfers to the actual aircraft under 
realistic combat-like conditions. The present 
study clearly shows that, for the case nf the 
A-10, training in the Advanced Simulator for 
pilot Training (ASPT) can produce significant 
effects upon survivability in the operational 
environment. Furthermore, given the conrtraints 
of the present study, it might be assumed that 
the potential benefit of such trailing may be 
substantial   indeed. 

METHOD 

SUBJECTS. Twenty-five experienced A-10 instruc- 
tor *pTTöts from Davis-Monthan AF3, AZ, served is 
subjects. Subjects had an average of over 700 
hours in the A-10 and »n average of approximately 
1500 overall  hours  in fighter aircraft. 

APPARATUS. The study wa* conducted on the A-10 
configuration of the Advanced Simulator for 
Pilot Training (ASPT) located at the Operations 
T-aining Division of the Air Force Human 
Resources Laboratory, Williams AFB, AZ. "Techni- 
cal references for the device are found in Gum, 
Albery, and Basinoer (1975) and in Rust (1975). 
Force cuing was provided through use of a 
g-suit. G-seat and platform motion cuing were 
not in effect. A monochromatic, computer 
ge«<»»-Ated visual scene of a tacf cal environment 
was presented vii ASPT's seven cthode-r<jy tubes 
placed around th? coc<p*t giving the pilot ♦ 110 
degrees to -40 degrees ve-tical *uing and *_ 150 
degrees of horizontal cuing. 

PROCEDURE. Prior to participating in RED FLAG 
8?-?, eleven of the twenty-'ive pilots were 
trained in the ASPT. Following a brief 
familiarization period, during which tii» pilot* 
gained practice in operating at low level in the 
A-1C confi$gr*tion of th? ASPT, each pilot 
received approximately two hours of practice on 
ooth close *ir support and battlefield 
interaction missions. 

Simulated close air support and battlefield 
interdiction missions were practiced in a 
simulated electronic warfare environment (see 
Figure 1). The threat array approximates that 
of a typical Soviet air-defense system at the 
Forward Edge of the Battle Area (FEBA). Field 
elevation of the environment was 5500 ft MSL. 
Temperature was modeled as 30 degrees Centigrade. 
Unlimited ceiling and visibility were  in effect. 

Figure 1.    Siriulated Hostile Environment 

For the close air support {CAS) mission, 
target arrays in the simulator .onsisted of 
three groups of seven tankc .ach. Tanks were 
modeled to resemble the size *na appearance of 
T-6?s. Targets for the interdiction mission 
were the two comnand posts (CPs) located on the 
west side of the valley. Each command post 
'onsisted of a g**oup of fou» v hides. Ad 
element> in both the target and threat arrays 
were modeled as stationary vehicles/sites. 
Threat arravs consisted of ZSU-?3-4 antiaircraft 
artillery ...is, V,-8, SA-6, and SA-4 s«rfate- 
to-air missiles. All threats were mode'ed to 
operate in an isolated {non-netted" mode and 
were modeled as radar controlled. 
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Following initialization from a point just 
outside the northernmost pass leading nto the 
target area, subjects were free to maneuver 
within the environment and to use whatever 
tactics they determined to be appropriate. No 
instruction or direction was provided as to what 
tactics to use. Prior to entering the environ- 
ment, each subject was given a verbal "intel" 
briefing and a map showing the position of 
suspected threat sites. On each trial, or 
sortie, the simulated A-10 aircraft w^s loaded 
with 1200 rounds of 30m gun ammunition. A 
capability to dispeni.e ciaff in a monual (as 
opposed to programmed) mode w?s provided. Upon 
the start of each trial, the simulator was 
reinitialized with the full weapons load 
described above. 

Targets could be "kiMed" by hits of one or 
more rounds from the 30 mm gun (simulation of 
tracers as well as gun sound were provided). 
When killed, a trget would momentarily dis- 
appear from the visual scene giving the pilot 
immediate feedback as to a hit. Although the 
target reappeared following the brief delay, 
subsequent hits on the target during a trial 
were no longer scored. Threat systems responded 
interactively to the aircraft in terms of the 
pilot's use of maneuver, direct terrain masking, 
chaff, etc. A "functional" simulation of a radar 
warning receiver (RWR) was also present in the 
simulator cockpit. The RWR symbology differen- 
tiated between SAMs and AAA, but did not provide 
soecific symbology for the different types of 
S*M or AAA. Unclassified simulat.ons of the 
auditory cues ass":iated with threat status were 
provided through the pilot's headset. At the 
time of the study, there was no capability in 
ASPT for simulating the ALQ-119 electronic 
countermeasu>es pod  (ECM). 

Performance capabilities ">f the gun and 
missiles were modeled according to unclassified 
sources. Independent ^rjgrams simulated the 
aerodynamic flyouts of each of the respective 
•nissiles. The aircraft was scored as having 
been killed if the missile passed within 50 ft 
of the air:raft. A visual image of the missile 
in flight appeared in the pilot's visual scene. 
However, no visual launch cues or in-flight 
smoke trail were associated with missile 
launches. Muzzle flashes, but no tracers, 
provided visual cues associated with the 
activity of the gun threat. In both cases, 
"kiHs" by the threat resulted in the immediate 
termination of tre trial. Feedback was given 
the pilot in each insvance as to the conditions 
of the kill. Terrain crashes also caused a 
trial  to terminate. 

Following simulator training in the ASPT, 
pilots trained in the simulator proceeded to 
Nell is AFB where they participated in RED FLAG 
8?-?. Six of these eleven pilots flew the 
exercise in A-10 aircraft equipped with the 
AlR-46 Radar Warning Receive, the ALQ-M9 £CM 
pod, and witnout i\ chaff dispensing capability. 
The remaining five pilots flew A-10 aircraft 
equipped with the ALR-69 Radar Warning Receive*, 
tHe ALQ 119 ECM pod, and with a C iff dispensing 
capability. Pilots in the non-simulator trained 
control    grouD   were   evenly   distributed   between 

the two different aircraft configurations. Data 
from the RED FLAG exercise were collected on a 
noninterference basis. No changes or altera- 
tions to the scheduled range activities, scoring 
method',,   etc., were made for thr study. 

RESUL1S 

PRE-RED FLAG SIMULATOR TRAINING. Although both 
interdiction and close air support were practiced 
in the simulator, the following data are for 
close air support only. In terms of surviva- 
bility, pilots survived approximately 25 percent 
of the total sorties flown in the one hour of 
simulated, close air support training. Highly 
correlated with the percentage of sorties 
survived was the time each pilot was able to 
remain in the environment. There were no 
constraints forcing the pilot to maximize time 
in the environment. Pilots were free to exit 
the target area at wilt. On the average, pilots 
were able to remain in the environment for 
betwoen two and three minutes. Since a "trial" 
was artitrariiy terminated at the end of four 
minutes, fhe brief duration of the average 
sortie indicates that most were terminated 
either by threat kills or by terrain crashes. 
Mean time between target kills was approximately 
90-seconJs with the probability of Mtting a 
target being about 0.50. 

Aopn.xiinateiy two thirds of all gun engage- 
ments oc:urred at altitudes between 150 and 450 
feet AGL at an average range of over 4000 feet 
from th£ target. Figure 2 shows aircraft posi- 
tion at tht tiflft it was destroyed by a threat in 
terms of altitiCe and range tu the threat site. 

Figure ?. Altitude <snd Range to Threat Site 
( ♦ 1 s.d.* at Time Aircraft «as Destroyed 

The figure clearly shows that the majority of 
all kills ».ere scored by the AAA. Th« frequency 
of kills by the AAA in the present simulator 
study closely matches that observed for the A-10 
during the actual EWCAS exercise. The recorded 
frequency of kills by the SA-8 and SA-6 in th*r 
simulator wvre. on the other hand, luw compared 
to the frequt'icy of Class 1 miss distances 
recorded for these threats in the actual 
exercise.  This is perhaps due to the 50 ft kill 
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radius employed in the simulator and the 150 ft 
kill r3dius used Lu defined a Class 1 miss in 
the actual exercise. Figure 3 provides addi- 
tional data on the bearing of the aircraft to 
the threat at the time the kill occurred in the 
simulator. These data clearly show trat the 
aircraft was most often struck from behind. 

CONDITION NOMINA' VMLDL 

FIRING GUN DURING 10 SEC PRIOR TO CRASH     < 1 percent 
STRAIGHT AND LEVEL" (less thin 30° bank: less than 

3g s NO THREATS ACTIVE) I percent 
MANEUVERING |gr*ater than 30c bank; greate. than 
3g"$: NO ACTIVE THREAT) 4 percent 
MANEUVERING ACTIVE THREAT S 5 percent 
FIRING/MAKLUVERWG/ ACTIVE THREAT/S 8 percent 

CR'.SHES AS A PERCENTAGE OF TOTAL SORTIES 
FLOWN = 19 percent 

Table  1.    Terrain Crash Conditions 

AIRCRAFT CONFIGURATION 

CONDITION 

NO SIM TRAINING 
WITH SIM TfiAINING 

ALR4C 
ALC 119 

NO CHAFF 

ALR69 
ALQ-'U 
CHAFF 

79c
c 

58° = 
75' = 
69r; 

OVERALL 
MEANS 

-—     ' 
74' 

68 82° 

Figure  3.    Bearing to Threat  (   *_ 1   s.d.)  at 
Time Aircraft was Destroyed 

The improvement in performance that char- 
acterized one particular pilot over the course 
of simulator training is shown in Figure 4. The 
figure shows that following approximately *-5 
trials in the simulator, time In the environment 
(also sign;ficant ly correlated with sorties 
survived) began to show a systematic increase. 
Figure 4 also shows, for these same trials, a 
steady decrease in the percent of total time the 
aircraft wa3 within the AAA ana SAM envelopes. 

Equally as important as those sorties where 
the aircraft was killed by an air deferse threat 
are those sorties which terminated with terrain 
crashes. The data in Table ' show tha , aside 
from the absolute number of crashes that 
occurred in the '.imulator, there *JS -; clear 
increase in crashes as a function of nil/.t work 
load. To the extent thd* a simulator is unable 
to capture all the potent ill sources of work 
load presert in t-ie opt. rational environment, 
these data provio insight into the extent to 
which the grou':i. itie'f, may constitute a 
significant threat. 

EFFECTS Of SIMULATOR TRAINING ON SURVIVABPJTY 
AT'REP PlAfi Tab!*' ? shows the percent'of total 
RED FLAG sorties survived as a fur.ction of 
whether or not pilots received simulator 
training as we*1 as the configuration of the 
Ä-10 aircraft f-own auring the exercise. These 
data are central to the transter of training 
issue for flight simulators. Two clear findings 
are seen in the data of Table ?. First, those 
pilots who trained in a simulate^ conf'gjred 
like that of the aircraft flown du-snq thl 

Table    2.  Percent RED FLAG Somes Survivec 
JS  a Function of Aircraft Configuration and 

Presence/Absence of Simulator Training 

subsequent RED FLAG exercise (i.e., ALR-69 and 
chaff) survived a significantly larger 
proportion of the total RED FLAG missions flown 
than did those pilots receiving no simulator 
training. This represents a clear positive 
transfer of training effect. The second finding 
shows equally as clearly that those who trained 
with the ALR-69 type RWR and chaff in the simu- 
lator and who subsequently performed under 
combat-l;ke conditions in aircraft not having 
these capabilities, performea significantly 
poorer than tneir non-simulator trained counter- 
parts. The effect of the ALQ-110 pod upon 
survivabi1itv was net addressed by the present 
experimental design. While aircraft configura- 
tion was not ir\ intended inanipul at ion of this 
study, it clearly shows the powerfu' effect of 
the simulator training upon subsequent opera- 
tio?rl performance. It also points to the need 
for training aircrews to operate under worst 
case,  degraded conditions. 

PILOT RESPONSES TO QUESTIONNAIRE ITEMS. An 
extensive questionnaire was completed by pi lots 
following the RED FLAG exercise. A summary of 
their responses <s contained in tne following 
observations. 

». Pilots were uniformly critical of 
certain aspects of the simulator's visual 
system, specifically ia) difficulty of acquiring 
targets at extended ranges, and (b) lack of 
sufficient cues for flying low level without 
undue reliance upon cockpit instruments for 
altitude r.ference. 
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Figure 4.    Time  in Environment as  a Function of Trials  (Left Figure) 
Percent Time in Threat En-elopes  as a Function of  Trials  (Right Figure) 

2. Pilots were in general agreement that 
the simulated hostile environment contained the 
critical Cues found in the tactical close air 
support environment. 

3. Pilots estimated that thi" type of 
simulator training might possiL»iy improve the 
survivabi1ity of the current generation of A-10 
pilots (i.e., those with little operational 
experience and no combat experience) by 20 
percent on the average. Ther* was a tendency 
toward mo-e favorable estimates by those pilots 
having more overall fighter time and more 
experience in actual combat or combat-like 
situations. 

CONCLUSIONS 

1. These data provide empirical evidence that 
training under high density ground threat 

^"""TTight  simulator can   improve  the 
combat-like 

conditions   in  a 
su^y ivabTi Hy    o^ aircrews  in 
environment. 

2. The fact that positive transfer of traini-g 
was observed within the constraints of the 
present study (i.e., no formal training, per se; 
limited training time in simulator; no control 
over content or conduct of criterion RED FLAG 
exercise, etc.! suggests that '.he real magnitude 
of this transfer of training effect may be 
substantial indeed. 

3. The occurrence of negative transfer for 
those simulator-trained crews who flew under 
no-Chaff conditions in RED FLAG strongly 
indicates the need to train crews for operation 
under severely degraded'or worst case conditions. 

4. The unsystematic use of chaff and maneuver 

and the fact that the majority of all threats 
struck the aircraft from the rear suggest that 
serious training deficiencies exist in critical 
areas of electronic combat training. 

5. The high incidence of terrain crashes has 
serious implications for those concerned with 
flight safety, especially under combat condi- 
tions. The present data suggest that the ground 
will present a formidable threat under the work 
Toad conditions of high threat, low level" 
tactics. 
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Evaluation of the At .ny Maintenance Training and Evaluation 
Simulation Systems (AMTESS) 

Robert A. Evans, Ph.D. 
Angelo Mirabeila, Ph.D. 
Research Psychologists 

US Army Research Institute for the Behavioral and Social Sciences 

Abstract 

t AMTESS is the Army's attempt tc develop an operational model and framework for acquiring 
modularized, generic simulation systems for maintenance training. More broadly, tne AMTESS program is 
designed to leau toward a proven, systematized, institutionalized approach to task analysis, training 
requirements :.:,ilysis, and fidelity analysis in support of training device acquisition. It is also 
designed to produce a model hardware configuration which includes a common two-dimensional display 
subsystem and a unique three dir. insionai hardware subsystem. Two prototype versions of the hardware 
model which vary along a number cf significant dimensions (e.g., passive vs interactive use of video) 
are currently being evaluated for their transfer of training effectiveness at Aberdeen Proving Ground, 
Maryland.., Transfer of training is being assessed on operational equipment using specially modified 
versions of current nerformuc■■= t-.-.-?ts, versions designed to provide a rich, detailed data based. The 
data base will support ass*? irents of overall prototype effectiveness as well as preliminary 
assessments of the effectiveness of specific prototype features. The results of these efforts will 
support initial implementation of AMTESS and at the same time will contribute towards a longer range 
objective cf developing an operational mode; ^f device acquisition. >In this parer, the AMTESS 
prototypes will be described, along with plans ami procedures for their evaluations. 

Introduction 

The modern Army presently operates in an 
environment characterized by complex, sophisti- 
cated weapon systems with an increasing emphasis 
on support elements. In other words, the Army 
is raced with particular challenges in the area 
of systems maintenance. Major changes, there- 
fore* are needed in maintenance training pro- 
grams. In response to these changes and needs, 
the military community is responding by insti- 
tuting a large scale infusion of training 
systems. One of these is the Army Maintenance 
Training and Evaluation System (AMTESS). The 
Program Manager for Training Devices (PM-TRADE) 
has been develoDing this system as a framework 
and a mode"1 for future procurements of 
mairtenance trainers, designed to facilitate 
entry level training, as well as to sustain and 
evaluate skill levels in operational units. 
AMTESS is a modular system which combines two- 
dimensional displays (i.e., CRT, rear screen 
projection) with three-dimensional, dynamic 
equipment Kock-ups. all linked to a core 
computer. 

The Army Research Institute (ARI) has been 
supporting the PM-TRADE in this evaluation of 
alternative AMTESS prototypes (i.e., 
breadboards) produced by Grumman and 
Surtek/Seville, for training in the following 
MOSs: Self Propelled Artillery Mechanic (63D30) 
Hawk Firing Sectio' mechanic (24C10) and Wheeled 
Vehicle Mechanic (63W10). Mini programs of 
instruction have been developed by Grumman for 
the 63D30 and 24C10, and by Seville for the 
63W10 and 2ÜC10. The purpose of the evaluation 
is to determine the relative, overall effective- 
ness of each prototype training system compared 
to training currently provided as well as to 
obtain student and instructor reactions.  In 

this paper discussion will be limited to the 
evaluation for th- 63D30 and 63W10 special- 
ities. 

AMTESS was envisioned as a means of 
applying advance simulation technology to a 
family of "hands-on," "heads-on," low cost, 
self-paced maintenance trainers for use at. 
installation and unit levels. the AMTESS 
concept was a system to include: (1) actual 
"hands-on" maintenance performance training for 
specific maintenance tasks; (2) integration with 
existing training programs; and (3) a reduction 
in cost of ownership, or life cycle cost, for 
both acquisition and sustained operations. 

Requirements 

To meet the objectives of AMTESS, four 
separate tasks were conducted. 

1. A Task Commonality Analysis to provide 
the basis for selecting representative tasks 
within the automotive maintenance specialities, 
for use in training system design. 

2. A Training Requirements Analysis to 
develop a Mini progr -ra of instruction for use in 
evaluation of AM'"fESS and to demonstrate the 
feasibility or integrating the concept into 
existing *rmy maintenance training programs. 

3. A Fidelity Requirements Analysis to 
determine the fidelity requirements in a 
training system. 

4. A design effort tc develop the concept 
for AMTESS and to define a preliminary systems 
engineering design (PSED) for that concept. 
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Method Training Management Programs 

Equipment 

BURT::K/SEVILLE - WHEEL VEHICLE MECHANIC (63WIO) 

Basel on the above analyses, Burtek/Sevilie 

Corporation developed a breadboard model for 

training specific tasks in the Wheel Vehicle 
Mechanic (i.e., 63W10) speciality. This system: 

o requires a trainee to use and follow 

(i.e., perform) the activities presented 

in the technical manuals designated for 

the selected maintenance tasks. 

o permits a trainee to practice mainten- 

ance tasks and obtain feedback on 
performance without instructor 

supervision. 

o accommodates new training materials by 
software changes and appropriate 

preparation of new 35mm slides. 

o can be adapted to a wide range of MOSs 

through fabrication of appropriate 

dynamic equipment mock-ups. 

o includes a high physical and functional 

fidelity equipment mock-up. 

GENERAL SYSTEM DESCRIPTION - Burtek/SeviUe3 

The Burtek/Seville system includes a 

student station with CRT, rear projection screen 
(35mm slide projection), function keyboard and a 

dynamic equipment mock-up (C'-omins Engine). 

These elements are linked to an instructor13 
station (CRT, keyboard, printer) through a 16- 
bit, 32,000 word microprocessor. 

Trainees are introduced to particular 

exercises by ehe CRT, which then ref- s them to 

standard training manuals for get-ailed 
procedures. The re^r projection screen is used 

to portray detailed photographs of the Cummins 

engine with indications of locations where 
maintenance is to be performed. The bulk of the 

actual instruction therefore is conducted 

through hard copy, media (i.e., the TMs and 35mm 
slides). The CRT does, however, play a critical 

feedback role since incorrect actions on the 
Cummins or on the student's response panel (for 

some simulated actions) are indicated on the 

CRT. 

The instructor station includes the 
controls and indicators necessary to manage the 
program of instruction which is delivered at the 
student station. A video terminal presents 
information to the instructor, facilitating 

selection of training problems, selection of 
systems failures, and malfunctions, and presents 

records of trainee performance. 

Programs. The following programs are 

provided to guide the student through 

maintenance procedures listed in his technical 
manuals, provide exercises in trouble shooting, 
and to monitor his performance: 

o Training Exercise Programs 
o Failure and Malfunction Programs 

o Performance Monitoring Program 

Training  Exer 

exercise  programs 
FruKraras. Training 

provided for the 
automative maintenance trainins activities. 

These prog-^ÄS permit the lrioL-uctor to 

initialize particular lessons, introduce the 
trainee to the lesson, fflonjtr.- .-r.ecific steps 

and tneir sequence listed in the applicable 
maintenance TMs for the tasks being performed, 
and provide feedback to the trainee. 

Failure and Malfunction Programs. These 
programs control failure and malfunction for the 

system being simulated. They ituitm, in effect 

until corrected by the trainee or removed by the 

instructor. The malfunctions affect the 
performance oi the engine components and provide 
appropriate cues and indicators for the trainee 

to isolate and identify the faulty component. 

Performance Monitoring. This program 

provides monitoring, sensing and recording of 

performance errors of procedural steps related 

to specific tasks iDeluded in the simulator. 
Procedural errors are identified, recorded, and 

made available to the instructor on CRT or hard 
copy in an English language text that does not 

require analysis or interpretation. All 

performance activities are recorded and 
recallable by the instructor at the instructor 
station controls. 

Grumman-Self  Propellei  Artillery  Mechanic 

(63D30) 

Conducting an analysis similar to those 

conducted by Seville/Burtek, Grumman Corporation 
developed a breadboard model for training 
specific tasks in the Self Propelled Artillery 

Mechanic (i.e., 63D30) specialty. This system: 

o requires a trainee to use and follow 

(i.e., perform) the activities presented 

in the technical manuals designated for 
the selected maintenance tasks. 

However, more use is made of tutorial 
instruction in the Grummar system than 

in the Sevii'e/Burtek system. The 
Grumman system employs color video and 

videodiscs to present explanations and 

demonstrations, both written and spoken, 

of how to carry cut specific maintenance 
steps. 

o accomodates new training materials by 

software changes, preparation of new 
videodisc materials. 
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o can be adapted to a wide »~ange of MOSs 
through fabrication of appropriate 
simulated equipment components. 

o includes high physical and functional 
equipment component work-ups. However, 
components are arranged in test bench 
fashion, and do not replicate the 
arrangement on operational equipment. 

General System Description—Grumman 

The Grumman system includes a student 
station with a color CRT, CRT touch panel and 
dynamic equipment components, arranged in test- 
bench fashion. These elements are linked to an 
instructor station (CRT, keyboard, printer) 
through a Motorola 68000 microprocessor. 
Programs and instructional materials are stored 
on floppy and videodiscs. 

Trainees are led through lesson materials 
by the color CRT which gives instructions to 
consult specific pages in the appropriate 
technical manuals, snort explanations on 
maintenance procedures and diagnostic 
questions. Explanations are either written or 
spoken and are supplemented by diagrams or video 
demonstrations of how to perform specific 
maintenance tasks» The trainee makes his 
responses either by touching a menu line on his 
CRT or performing some action on one of the 
three-dimensional mock-up components. 

Training Management Programs 

The information provided for Seville/Burtek 
is applicable to the Grumman System as well. 

Subjects and Design 

subjects were chosen from two locations, 
the Wheeled Vehicle Maintenance School, in the 
Edgewood Area of Aberdeen Proving Ground (APC) 
for the 63W10 MOS a :a the Ordnance School in APG 
for the 63D30 MOS. Because of a recent change 
in the training program it was decided to add 
additional subjects from the Organizational 
Maintenance Supervisor (63B30) training program, 
also at Edgewood Area. A total of 120 subjects 
were included in the evaluation, with 60 
subjects (i.e., 20 in each MOS, 63W10, 63D30, 
63B30) assigned to the experimental groups 
(i.e., training included the AMTESS devices) ?::d 
60 subjects assigned to the control groups 
(i.e., conventional training without AMTESS 
devices). 

An analysis of variance will be conaucted,* 
using  the  results  of  a  performance  test 
conducted  for  this  study.   The  dependent 
variables are number of items (i.e., skills) 
completed successfully (i.e., measured by number 
of GO's) and amount of time to complete the 
tasks and subtasks.  An analysis of variance 
will be conducted using the data collected in 
the following design (see figure 1. below). 
versus all trie control subjects)."* 

EXPERIMENTAL 

snows 

CONTROL 

Device MOS 
Average         i 

No.   of   GO's      |     Tine 
1           Average 

No.   or   GO's Time 

Grumten 63D30 

»urtttk/ 
Seville 

SjWiO 
63E30 

! 

1 
Figure  li     Evaluation  Design  for AMTESS 

Measures 

The performance measures typically used Ln 
school programs have been expanded to allow for 
more detailed data collection. In addition to 
the performance and time measures collected, 
student, instructor and course developer 
questionnaires on each task will also be 
administered and reported. 

Performance data will be restricted to 
those tasks which can be performed on the actual 
equiprent within timj and safety constraints. 
These data will consist of a series of go-no go 
decisions in a check-list format derived from 
the appropriate technical manuals for each 
task. Opinion or user reaction data will also 
be collected from students and instructors upon 
completion of training on the devices. In 
addition, questionnaire data will be collected 
from instructors and course developers regarding 
those tasks which can not be observed on the 
actual equipment because of time or safety 
considerations. Instructors and course 
developers will be presented with the entire 
mini-POI's in order to obtain training 
efficiency data. This evaluation will also 
include their reactions to determine if: 

o tasks on each device are also taught in 
conventional training 

o each of the tasks are necessary 

o each device instructs each task to 
acceptable levels. 

Evaluation Questions 

With the evaluation design constructed ir 
the above manner the following evaluation 
questions are anticipated to be answered by 
using various subsets of the data. 

1. Does a simulator facilitiate 
performance more than conventional 
instruction? (data used: the average number of 
GO's and time for all the experimental subjects 
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2. Does ? simulator reduce performance 
time in relation to conventional training (data 
used: average time for all experimental 
subjects versus all the control subjects).** 

3. Is there greater transfer of training 
using a simulator than that resulting from 
conventional training? (data used: average 
number of GO's for the experimental subjects 
minus the average number of GO's for the control 
subjects, divided Dy average number of GC!.-s for 
the control subjects). 

4. Is there a relation between 
instructor's and students' opinion about the 
training devices and students' performance? 
(data used: instructor ^nd student 
questionnaire results will be correlated with 
average number of GO's for the experimental 
subjects only).** 

The aoove questions were designed to provide 
insight into the overall effectiveness of the 
AMTESS devices. The same questions and data 
indicated will be analyzed for each MOS 
separately. Because of commonality of the tasks 
for both experimental and control groups in each 
MOS generalization of findings is more likely. 
Restrictions in generalization, therefore, will 
be a function of the reliability, validity of 
the performance measures, sample size, etc. 

Procedures 

All students, regardless of MOS, receive 
conventional training. Those students selected 
to receive simulator training (i.e., on AMTESS 
devices) however, will be directed to their 
respective training d./ice prior to conventional 
instruction on the tasks used in this 
evaluation. The control group will continue 
with the conventional training and be tested in 
the same manner as the experimental group p.e., 
on the actual equipment). The experimental 
group upon having conventional training will 
receive instruction on the device designed to 
teach skills they have not received before. 
Both groups will then be tested on the same 
skills or, the actual equipment. The only 
difference, therefore, between the experimental 
and control groups will be the use of the 
training device for the experimental group. 

* Complete data has not been collected at the 
time this paper was prepared, it is assumed, 
however, all data will be collected and analyzed 
for the Presentation in November. The remainder 
of this paper will present the anticipated 
evaluation which will be presented at the 
conference. 

•• Generalization of these findings must be 
limited because of differences in tasks across 
MOSs. 

Instruction on the AMTESS devices will be 
conducted by one of the school instructors. The 
following tasks were selected for this 
evaluation. 

63W10 

o Troubleshoot Engine Malfunction 
o Oil Pump Filter and Pump Removal 
o Oil Pump Filter and Pump Replacement 

63B30 

o Adjust Alternator or Drive Belts 
o Starter Motor Removal and Replacement 
o Oil Pump Failure Troubleshooting 
o Inspect Electrical System 

6:-D30 

o Starting System Problem 
o VTM Setup and Checkout 
o Defective Transmission Neutral Position 

Switch 

Conclusion 

AMTESS is conceptualized as a program 
designed to acquire Army training devices by 
sytt^-natic application of front end analyses.^ 
The objectives of this program, as delineated by 
Hofer,^ include- 

o Development of maintenance trainers, 
utilizing a modular format, for development at 
both institutional and unit levels. 

o Cost-effective assessment methodology 
development for Army Maintenance training 
programs. 

o Development of Preliminary Engineering 
models (i.e., breadboard) to demonstrate the 
effectiveness and validity of the AMTESS 
concept. 

The objectives and effort described here are 
envisioned to be an initial thrust in advancing 
Army maintenance training programs. It is 
recognized, ..owever, that gaps in knowledge 
still remain to be filled. Example of such 
information shortcomings include: 

o Generalizability of findings 
o Specific Device Architecture 
o Incorporation of AMTESS into POI 
o Research on Measures of Effectiveness 

Generalizability of findings to other 
instructional modules within the MOSs already 
under evaluation,, to other MOSs, to other 
applications, such as use in organizational 
settings or use for skill qualification 
testing. At the very least, implementation of 
AMTESS for the MOSs under present evaluation 
will require the development of additional POI 
software modules.   Software development for 
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AMTESS has proven to be extremely costly and 
time consuming, even for relatively minor 
changes in the prototype mini programs. 
Extension of program development to other 
portions of the MOS POIs should therefore be 
approached with great caution. It may not be 
necessary or even desireable to apply AMTESS to 
the entire POI. But in that case decisions must 
be made about wnat kinds and amounts of 
additional software development are needed. The 
proposed continuing ARI research would directly 
support this decision making. 

Specific   Device   Architecture, (both 
software and hardware). This area would focus 
on such issues as: 2D vs 3D components within 
AMTESS; AMTESS vs fiat panel devices such as 
(EC-3); and other features such as generalized 
troubleshooting instruction. The present AMTESS 
evaluation will not provide much information on 
the contribution of specific system architecture 
to training effectiveness. If the prototypes 
proved to be effective, therefore, specific 
sources of effectiveness are not likely to be 
understood. It may be that a relatively low 
cost feature of a particular prototype system is 
accounting for most of the training 
effectiveness and that some relatively high cost 
feature could be estimated. The converse may 
also be hrue, that is, the addition of a low 
cost feature could dramatically amplify the 
effectiveness of a particular prototype. For 
example, evidence is accumulating that generic 
troubleshooting training may dramatically 
increase training system effectiveness. Such 
training could be incorporated into AMTESS as a 
sub-routine and would lend itself well to 
presentation on satellite CRTs operating off an 
AMTESS main frame. This is just one of a number 
of features which would be studied in further 
ARI research under the AMTESS umbrella. Front 
end analysis methodology needs to be examined. 
Each of the Phase I contractors proposed 
different breadboard designs for the AMTESS 
program. A methodology is needed whereby the PM 
TRADE, TRADOC, and others can evaluate design 
specifications based on sound guidance for 
making har jware decisions* That is, there is 
general agreement in conducting job/task 
analyses and then training analyses :n the 
development cycle for system requisition. There 
is, however, little data on making the 
conceptual leap from these analyses to device 
characteristics deri^:ens. 

Incorporation of AMTESS into PCI. Design 
and use of AMTESS needs to be related to system 
variables, such as student characteristics, task 
characteristics, stage of training, use cf other 
media, and time-based vs performance-based 
instruction. A number of very serious issues 
have already been alluded to. To date, for 
example, little or ro analysis has been done on 
how AMTESS would be incorporated into ongoing 
POIs. Fur example, the Missile Maintenance 
Speciality nas been converted from self-pacec 
instruction to lock-step instruction. How will 
or should this change influence the way in which 

AMTESS is used? Student flow is yet another 
issue to be considered in defining appropriate 
uses of AMTESS. It was emphasized repeatedly at 
the la3t Interservice/Industry Conference that 
high technology solutions to training which do 
not cope realistically with student flow are not 
very useful to the military. The anticipated 
continuing research program will address the 
utilization issue in a major way and support 
both near and long term implementation of AMTESS 
through recommendations to PM TRADE and the 
TRADOC on how to effectively incorporate AMTESS 
into ongoing POIs. 

Research on Other Measures of Effectiveness 
such as transfer of training to organizational 
settings, effectiveness in training "hot" panel 
repair, and use of analytic tools such as the 
TRAINVICE model.4 The current AMTESS evpluation 
involves measurement of transfer effectiveness 
within institutional settings. The impact of 
AMTESS training or transfer of training to job 
sites will remain unknown. 

Tne present evaluation of the Burtek/Seville and 
Grumman breadboards is an effort at meeting the 
AMTESS objectives. Other projects are planned 
of AMTESS prototypes or in progress which will 
support this program. A similar evaluation, for 
example^ ir under way in HAWK missile 
maintenance training. At the Air Defense School 
in Fort Bliss, an evaluation team is already on 
site collecting data. A supporting program of 
basic research is under way at ARI, in which the 
effects of simulation fidelity upon training 
effectiveness is being explored. This program 
is described in another presentation at this 
conference (Hays, 1982). While these activities 
represent considerable effort and progress in 
meeting the AMTESS goals, these must be extended 
further. 
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Simulator Characteristics 

Robert T. Havp, Ph.D. 
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US Armv Research Institute for the behavioral and Social. Sciences 

Abstract 

Ö, 

he Armv Research Institute for the behavioral and Social Sciences (APT) is developing a 
data base or the relationship between training simulator charateristics - in particular fidelity 
- and training effectiveness. Tn order to guide and organize the collection of empirical data 
for the data base, a t;>o factor definition of simulator fidelity was chosen. The definition was 
limited to physical and functional similarity to the actual eouipment. Several research 
efforts, using this definition, are currently ^einp conducted or have lust reached completion. 
This paper presents the results, to date, of completed research efforts, the anticipated results 
of ongoing efforts, and plans for future efforts. The goal :>f there efforts is to produce a 
data base whioh mav serve as the foundation for the development of systematic guidance to 
support the specification of training device characteristics., 

Introduction 

The Armv, the other service* and the 
training community "lack specific guidance to 
determine the characteristics which will enable 
training simulators to provide effective 
traininz at affordable costs. Tn the uast it 
has too often been the cpse that the character- 
istics of a training device or simulator were 
determined bv a mix of intuition (what someone 
thinks the device should be like) and cost (buy 
as much "realism" as we can afford). This 
approach to training simulator design is no 
longer a viable option given budget and otter 
resource constraints. Accordingly ART has 
undertaken a program or research to devlop use.' 
oriented, empirically based guidance to aid in 
determining the characteristics of training 
simulators which will maximize training effec- 
tiveness. The program, from its conceptual 
development, stage, through two ongoing empirical 
»f forts and finally to its future goals, is 
.«•ummarized in this paper. 

Defining Training Simulator Fidelity 

The first step in developing ART'S training 
simulator research program was to adopt a 
working definition of simulator fidelity. An 
extensive literature search ' indicated a large 
amount of inconsistency in how fidelity has been 
defined bv the training PAP community. Tn 
particular, the term has been used somewhat 
indiscrimir.snt ly to label differert categories 
of independent and decent variables which 
.haraoterize both training systems and 
trainees. It was concluded that a limited, 
parsimonious definition or fidelity would best 
^erv^ the compilation of a data base on how 
device characteristics are related to training 
effectiveness. Accordingly, tne following 
definition was chosen: 

1) 'r*e  physical characteristics of the 
training simulator. 

?) The functional characteristics 
(i.e., the informational or stimulus and 
response options) of the simulated eouipment. ' 

Tt was further determined that for purposes of 
empirically testing and validating this 
definition as well as for generating empirical 
data on tN» relationship o** training simulator 
fidelity to traininer effectiveness, a three 
level ordinal sca<e would be used for each 
aspect of fidelity (physical and functional). 
This approach yields the matrix like the one in 
Figure 1. This nine cell matrix serves as the 

Physical Similarity 

High Mcdiui. Low 

HH HM HL 

MH MM ML 

LH LM LL              | 

Training Simulator Fidelity is the degree 
of similarity between the training 
simulator ani the eouipment which is 
simulated. Tt is a two dimensional 
measurement of this similarity in terms of: 

Figur« 1: Nine cell Matrix for 
Fidelity Experiment* 

*iainii^. 

"basic" experimental design for use Jr. sub- 
seauent »mpirical efforts. 

Descriptions of possible devices which 
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would fit into each cell of Figure 1 may clarify 

this research approach.  Gell HH:  The actual 
equipment could serve as the exemplar of a high 

physical-high functional device and would there- 
fore fit into the high-high cell of Figure 1. 
Cell HM:  The high functional-mo liuir, physical 

cell could contain a fully functional device but 

one with some combination r-f reduced si;'e, number 

and accuracy of its cojnpon&rus relative to the 
actual equipment.  Cell HL: The high functional- 
low physical cell could contain a computer graph- 

ics type device. This device would consist of 
interactive computer graphics which would func- 

tion in an analagous manner to the actual equip- 

ment but which would look like line drawings. 

Cell MH:  The medium functional-high physical 

cell could contain a partially disabled actual 

device.  In this case, the device would look 
exactly like the actual equipment, but would be 
only marginally functional.  Cell MM:  A medium 

functional-medium physical device could be bov.b 

partially functional and also be degraded in 

terms of size, number and accuracy of components 

as in cell HM. Cell ML:  The medium functional- 
low physical cell could contain a device which 

consists of a two-dimentional display (line 

drawings) of the actual equipment. These draw- 

ings would afford the trainee a means for indi- 
cating control choices or  test points, but would 
not provide complete system responses to these 

choices.  Cell LH: The device in the low func- 
tional- high physical cell could be a totally 
disabled piece of actual equipment.  Controls 

would be frozen, displays and test points would 

be non functional. The device would look just 
like the actual equipment but would not work at 
all.  Cell LM:  The low tanctional-medium physi- 

cal device could be a totally disabled version of 

the degraded device used in cell MM.  Cell LL: 
Finally, the low functional-low physical cell 

could contain a device which  onsists of i set 
of line drawings.  These drawings wouid be phy- 

sically the same as those in cells HL and ML, but 

would be totally non functional.  These examples 
are not the only way the nine cell matrix could 

be filled, but they are onr concetualization 

which ARI hopes will be fillcwed by others. The 

idea is to apply as many alternate approaches 

to the question of physical and functional device 

characteristics and transfer ot faining as poss- 
ible, but always trying to maintain the nine 

cell mattix as an organizational framework. 
The goal of the empirical efforts in this 

research program is to provide data on the rela- 

tionship of training device characteristics 

(fidelity) to training effectiveness as that 

relationship is tnodifiec by the many training 
system variables which interact with fidelity. 
Previous research efforts has not attempted to 

systematically control these Interactive vari- 

ables but hav rather looked at whole devices in 
the context of already established training pro- 
grams. ARI believes that it is only by conduct- 

ing controled, systematic experiments will we be 
able to generate the necessary data to provide 
useful guidance to individuals who m;st specify 

the characteristics of training devices and 
programs of instruction. 

Table 1 displays a list of some of the var- 
iables which are believed to be those which 

TftPLir I 

Variable? Vhi-jh  Interact With Fidelity 

1. T?:«'r  Tvne ^.     Stape of Trai nin.tr 
-  Operations -  introduction 
- Maintenance - Procedural 
-  Others ^raininp 

-  familiarization 
?. Task Difficulty Training 

- Transition 
7. Specific Skills Training 

- Motor Training Contex*- 
- Perceotual -  Institutional 
-  Cognitive -  Field 
-  Others 

Trainee !?onhisticat 
- vcvi,:e 
- Tntermediate 
- Expert 

n.  Tncornoratior of 

.on   Device into POI 

P.  User Acceptance 

- Instructors 
- students 

°.     Use of instruc- 
tional  features 

interact, with fidelity. APT's ?oal is to 
accumulate data on all of these interactions 
fjneluHinsr r'at.a from previous experiments and 
experiments conducted hy other research 
organizations) into a data base whic^ can then 
serve as the basis for user oriented pxii^ance in 
specirvinp the characteristics of b training 
simulator, "^he first or API's empirical efforts 
examined how physical and functional fidelity 
were related to trainin? effectiveness in a 
perceptual  motor task. 

Simulator Fidelity in a Perceptual  Motor Tas^ 

"oneyweli 5PC, under contract to A"T, 
conducted an experiment to determine (1) 
adequacy of API's definition of simulator 
fidelity, (') the appropriateness of a nine cell 
physical-functional fidelity matrix, anr» (?) t>e 
relationship   of   simulator   fidelity   to   training 

au* 
to 

determine the tas^ selected  in this experiment. 

effectiveness   in  a  perceptual  motor  tasif. 
et     al. discussed     the     criteria     use* 

1. Thp 

required      in 
envi roment. 

ta-sh    must 
an      actual 

embody     the     skills 
maintenance      tas><- 

'. Task performance must lend itself to 
straip-ht forward measurement; the measuremetn* 
must   he valid,   reliable,   and  sensitive. 

''. The    task    must 
reasonable period cr time. 

be    learnahle    in    a 
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Pased on these criteria the task- chosen for 
this experiment was the truing of a bicycle 
wheel. 

The wheel truing experiment, used the 
fidelity definition and ° cell matrix discused 

above. Tn this effort, only 5 of the nine cells 
were investigated. Figure ? shows the nine cell 
matrix with the relevant cells Indicated. By 

Physical Similarity 

»*Sh Medium       Low 

(Degraded 
(Actual Device 3-D Model) (2-D Graphics) 

X 

r 
u .-^ 

•**   ij 
3   U 

V HH    * nrl HL * 
M w. 
L.   tC 
o 
3 

X 

a u MH MM ML u w. 
M  u* * 
5o «-< at 

2 
0 
3 LH    * LM LL*        , •-1 

c 

«1 

£ 1 v- 

•Devices in th<-se cells are included ir> the porr 
motor experiment 

PIU..1/ 

Figuro 2:  Application of the nine cell matrix in the 
perceptual/motor experiment 

comparing the results in cells HH, MM, and LL the 

general relationship of fidelity (both physic.il 

and functional) to training effectiveness was 

determined. By cor paring cells HH, HL, LH, and 

LL an indication of the relative contributions of 
the physical and functional aspects of fidelity 

was determined. 

The data collection portion of the wheel 

truing experiment was completed in June of I?**?. 

Detailed analyses of the data are not available 
at the time of this writing, but tentative results 

can be presented. Overall, there was an improve- 

ment in trainee performance under all training 
copdtfons. Ten t-tests were computed which 

compared the starting and finishing points in 

each performance trial.  Performance showed 

significant improvement (p less than .005) in 

all conditions. 

In one analvsis, the combined effects of 

physical and functional similarity on training 
effectiveness were assessed.  A one way analysis 

of variance (ANOVA) was used to compare the 
performance, on actual equipment, of subjects 

trained on the devices in ceils HH, MM, and T.L 
of Figure 2.  In this analysis subjects trained 

in the lower fidelity conditions performed 
almost as well as subjects trained in the high 

fidelity condition.  There was in fact no 

statistically significant difference between 

these groups. The indication is therefore that 
training devices for a simple perceptual motor 

task may not necessarily need to be designed 

with high fidelity. 

Another analysis attempts to separate the 

effects of the physical and the functional 

aspects of fidelity.  This analysis compares 

the performance of subjects trained on devices 
in cells HH, HL, LH, and LL of Figure 2. When 

these data are analyzed using a 2x2 factorial 
design, there is no significant effect of func- 

tional similarity, but there is a significant 

effect of physical similarity (F«'».157; df-i,75; 
p less than .05).  In other words, no matter 

how the simulator function:-., in this task sub- 
jecti- perform better if the simulator is more 
physically similar to the actual equipment. 

These results must be considered inconclu- 

sive and further analyses are reauired. Though 
the above analyses are only on terminal perform- 

ance, additional analyse? will comnare the 
subject's rate or learning hv examining perform- 
ance over time. Also some form cf blocking of 

subjects may be attempted to reduce within group 
variance. rven so, these *ata are an important 
Hrst step in vali^aMnp the 9 cell approach to 

fidelity research and show that this is a viaMe 
method for generating *-asio data or the rela- 

tionship of simulate..,• ridelMv to training 

effectiveness. 

Generating nat.» on TnteraeMv«» 'Ta>"iahl»s 

The~ above perceptual-motor experiment 
vielter! valuable data on the re'atiorship or the 

physical and functional aspects of fidelity to 
training effectiveness, hu* only for *hat 
specific task. Other tasks and other inter- 
ne ive variables reoul r* rurther investiga- 
tion. APT, throuc* its basic research (*.l) 

program, is beginning to rollert data on t^ese 

interactive variables. 

f*ne £.1 effort, currently undervav at '"Vorire 

^ason Hniversitv, involve«, constructing both * 
generic devic* to use as *r elertro-.pechanioa! / 

hydrauli" reference system and 3everal degraded 

simula*i'.ms nf that rererence system. The i«*ea 
here is fhat the reference svstem will serve in 
►he role of actual euuip«er-t. Tt will function 
in a variety or ways such as turning on pumps, 
venerating »ones, »urn irr or 11»h*? or fans, 

rone of v^ich reallv "do" anything. «owever 

malfunctions wUl be ir.t ro^uc*«*? into the system 
and trainees w*ll have *o troubleshoot j»nd 
repair it. 
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Different groups will be trained on either 

the actual equipment (the reference device) or 

on one o<   several simulators °f the reference 
system with varied degrees of fidelity.  The 

performance of Irtdividua Ls from each group will 

then be measured on the reference aevict to de- 
termine the degree of training transter for each 

level of fidelity and mixture of interactive 
variables. 

This experimental paradigm will provide an 

opportunity to generate, under controlled lab- 
oratory conditions, the basic data needed on 
many of the interactive variables in the nielity 
training effectiveness relationship (see Table 1) . 
Data collection will begin in the Spring of 1983 

after the reference device and .••imulators have 
been constructed. Systematic inclusion of inter- 

active variables will begin after initial nase- 

line data have been collected. The entire effort 
is expected to conclude in the Summer of 1985. 

The future:  Building a Data Base 

The goal of ARI's Training Simulation re- 
search program is to produce a user oriented 

guidance package to help determine the character- 
istics which should be incorporated into training 

simulators to insure both training and cost 

effectiveness.  It is the strategy of this re- 

search program to base such a guidance package 

on empirical data. 

Data Base Sources 

Three major sources of data will be used to 

construct the training device characteristics 
data base.  First, previously conducted studies 

will be evaluated to determine whether the data 
generated from these efforts are suitable for 
inclusion in the data base.  If so, the data will 

i:e categorized and added to the data base.  If 

not  the particular study will be categorized so 

that additional efforts cu.r\  fill in the gap in 
the data base.  At present, this evaluation of 
previous research is under way and it is expected 
to be completed during the Fall of 1982.  An ARI 
Technical Report '^' which accumul- 

ates and review s the literature on training de- 
vice research issues and which will serve as the 

organizing framework for tne data base is in pre- 
paration.  This paper Is expected to be completed 

by January, 1983, 

A second source of data for the data base 

will coi&e from ARI's rese«rch efforts as des- 

cribed above. These cforts will not attempt to 

reinvent the wheel by duplicating previous 

studies which have been deemed adequate. They 
will rather focus on gaps in t-xlstlnp. data, 

either because previous efforts have not add- 
ressed the right questions, because data are not 

valid and reliable, or because the results are 

not systematic enough for inclusion in the data 
base. The wheel truing experiment described 
above is the first entry from this data source. 
Other basic (6.1) and applied (6.?)  research 

efforts are presently being conceived and state- 
ments of work (SCWs) are in preparation. 

It is anticipated that enough data will be 

accumulated by 198^ that a preliminary iteration 
of the guidance package mav be produced. This 

guidance packac "ill probably start as a work- 
book bi't will eventually be automated for access 

via computer terminals. 

flp^poo-j np t-Hp ^ata Pase 

Tr order to r>airp the training device 
characteristics data *ase more than just an 
acaderio oxerr-i^p, it is npopssarv *"o insure 
thaf the individuals who need puidanee in 
speoifvinc" training dpv^.pp obaraotprist ics hav* 
aoopss to the data base. At this tine therp arp 
tentative plans to automate the data hasp in 
ordpr to allow usprs direct access *o the 
data, A pro]iminarv step to autorat.pp fbp ^ata 
Kasp i.- fr organize it arrourd aser oriented 
re sen'"oh »«wies, "'"his orcvri 7at i on? 1 efforr is 
currp'.-^Y 'm^erwqy and a data base framework 
should  IF   produced  in  «-he Fall   of  1 <#°. 

Once a basic framework for the 1; -a base is 
developed    it   oan   be   use'*   as   the   basis   for   an 

automate*1 ^plivery svsterv, Such a svstem, usinff 
computer terminals, would arPord access for 
dpo-sion makers at various no^nt'; in t^p T ^P 
process. Tf would also allow ^renuent updating 
as new and better da*a are developed. Tbe 
iterative nature cr the proposed data base can 
insure t^at '■^e tradninr ocwmnltv will havp tbe 
ros* recent data available on a wide variety of 
trai"ini7 Hevice research issues. Vitb aoo«»S5 to 
such data, «be development of training devices 
r^er4 not relv or intuifion but ratnpp or t^p 
*est available information on training 
effectiveness. 

roroIusior 

APT is pursuing a broad research program 
a'-ied gt Kuildin^ a data base which will relate 
Trairinr «iraulation dpsirn :>^araoterist ic<. *o 
transfer af trairinc effectiveness. An initial 
'rawework ror data collect on built around a 
parsirror i em ^efinitior of simulation '"itelit-v 
has l^een constructed avid is heim? used to puide 
a series cf or-roinr and planned laboratory 
experiments. The \oae ranpe oP.i.J>Ciive is to 
-•rcafe a oofprebersi ve simulation de«,i ?n data 
base and to evolve that data base into ?. tool 
whirb can ^l* in sn*»rirvinr ♦•rainier dp vice 
reoui rement*. 
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ABSTRACT 

* Automated instruction aids on a training device can significantly enhance the effec- 
tiveness of the device. However, the requirements for these aids (Ir.structi t nal Feature; 
must be consistent with the intended use of the trainer. If they are not consistent, tka 
system implemented may be either more complex than required, or totally inadequate. This 
paper describes the development of Instructional Features where this inconsistency did 
exist. In this case the general procesiing requirements for student monitoriny, student 
feedback, instructor reports and in truttor controls were established. However, the speci- 
fic in-classroom use of each was not. *hen the specific requirements were established, 
they were significantly less than the general p.ocessing requirements implied. The system 
design did meet both the general and specific requirements. However, a simpler approach 
would have satisfied the actually-usea Instructional Features, This „learly shows the 
need to consider the specific classroom uw  of Instructional'Features not just the general 
processing requirements. 

INTRODUCTION 

This paper presents the development of In- 
structional Features for a Simulated Aircraft 
Maintenance Trainer (SAMT). The initial concept, 
the software system design and implementation, 
an analysis of actual application versus the 
original intent and the factors to he considered 
in the application of Instructional Features to 
other trainer systems are discussed. The ferm 
Instructional Features for this paper is con- 
strained to means the amount of automated moni- 
toring of a student's progress through a task, 
feedback provided to the student, post lesson 
reports for the instructor, and instructor con- 
trol of information presented to the student. 

The trainer system for which the Instruc- 
tional Features were developed is composed ot ten 
different standalone trainers. The ten trcners 
correspond to the following aircraft subsystems: 
fire control, flignt control instruments, navi- 
gation, electrical, environmental, hydraulics, 
weapon control, engine start, engine diagnostic 
and engine operating procedures. Each trainer 
consists of a master simulation control console 
(MSCC) and a simulation panel set (SfS). Figure 
1 is the block diagram for a typical trainer. 
The MSCC contains the Honeywell Level 6 computer, 
a mass storage device, a lineprinter, a CRT and 
keyboard and a 35 MM projection system. The MSCC 
is identical for each trainer. The SPS is unique 
for each trainer and consists of one or two 
panels. On the SPS are »he simulated aircraft 
controls and indicators and simulated test sets 
for the aircraft subsystem involved. Graphics 
on the panels provide for location of the control 
and indicator *»n the aircraft. In addition to 
the aircraft and test set controls and indicators, 
there är^ action and element switches on the 

panels. The 
bility for t 
thbt. a certa 
tion, operat 
actions, etc 
a task. The 
student the 
nent he has 
up a 35 MM s 

action switches p 
he student to indi 
in action, such as 
ion of hand pumps,, 

, is required as 
element switches 
capability to indi 
isolated *s being 
Tide of a particul 

rovide the capa- 
cate his knowledge 
hose/cable connec- 
aircraft safing 

he proceeds through 
provide to the 
cate which compo- 
faulty or to call 
ar component. 

INITIAL INSTRUCTIONAL FEATURES CONCEPT 

The initial objectives for -he Instructional 
Features were to support: (1) student testing, 
(2) lecturing, (3) fault isolation treeing, and 
(4) self-oirected leaning. To acccr.plish these 
objectives, the Instructional Features were to 
provide: (1) monitoring of * student's progress 
through a tree structured sequence, {2)  student 
feedback, (3) student testing, (4) instructor 
eports, and (5) instructor controi over these 
features, 

t The student monitoring was to be at a 
level that the trainer could uniquely respond tu 
and/or record a student's selection cf each branch 
and/or step in a Job Guide (JG) or Fault Isolation 
Manual (FIM). 

t Feedback to the student was to be a CK! 
message, 35 MM slide, an audible sound, or any 
combination of  these. The feedback was provided 
to cue the student, warn the student, or suspend 
execution of the lesson as a result of student 
branch selection or action taken on the trainer. 
The cues providing instructions arj checkout aids 
required to lead the student through the training 
exercise (a set of procedures from the JC „nd/or 
FIM). The warnings being for procedural and 
operation«1 errors, system malfunctions and safety 
violations. 
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t Student testing was the presenting of 
questions with the follow-on sequence being de- 
termined by the student's response. 

t The instructor reports were to consist 
of student responses to test questions, procedural 
and operational errors made, safety errors, 
actions teken on the trainer and branch selections 
made. 

• Controls provided to the instructor were 
to consist of malfunction selection, entry and 
modification of plans of instructions, amount of 
feedback and modification of testing materials, 
self-directed learning materials (cues and 
warnings) ard fault isolation schemes. Plans of 
instructions were the mix and ordering of student 
testing, lecturing, and fault isolation treeing. 
The amount of feedback to be controlled by levels 
of aiding selected by the instructor. 

SOFTWARE SYSTEM DESIGN 

The software system design and implementa- 
tion to meet the Instructional Features rQquice- 
ments consisted of a Courseware Authoring Lan- 
guage Generator (CALGEN) ano an on-line real time 
interpreter (Procedure Monitor). The actual 
monitoring, recording and feedback is specified 
in the CAL which is a high level source language. 
The source ^s input to the CALGEN, checked for 
errors and decoded into an object code. The 
interpreter decodes the CAL object code for each 
student action determining the correctness, pro- 
viding the student feedback and recording the 
acticn. 

The CAL was designed to provide a friendly 
interface to the training analyst developing the 
step-by-step training exercise for the student. 
This software (courseware) being based or the 
step-by-step actions called out in the aircraft 
technical orders and/or job guides. 

The basic language constructs are: 

STRUCTURAL COMMANDS 

PROCEDURE ^NAMES 

GLOBAL VARIABLES ARE ^LIST^ 

LOCAL VARIABLES ARE ^-IsA 

MONITOR ^NAME^ WATCHING ^CTI ON LIS^ 

END MONITOR <^AMES 

END PROCEDURE 

ACTION EVALUATION/RESPONSE COMMANDS 

E::PECT ^ACTION LIST^ 

ALLOWING ^ACTION ; IST^ 

UNLESS ^ACTION LIST^ 

<EQUIPMEN\    ySTArc\ 
mi    /T0 VALUE) VARIABLE/     \VALUt/ 

ACTION EVALUATION/RESPONSE COMMANDS (CONT.) 

PROJECT 

DISPLAY 

yv       /HIGHV 
(N)F0R<   MED   ) AIDING 

^MESSAGES 

J-OW/ 

V 
<HIGh\ 

MED } 
LOW/ 

PRINTER^ 
AT {   DISC 

\CRT     / 

FOR^ MED    >    AIDING 

CONTROL COMMANDS 

NVOKE ^MONITOR NAMES AT PRIORITY ^N\ 

:,:E ^MONITOR NAMES 

I 

FOR /SUSPEND\ 
\ RESUME / 

TERMINATE ^MONITOR NAMES 

IF <^CONDITION\ THEN 

GO TO /LABELS 

ESCAPE <^N^ 

WRITER'S CRAMP COMMANDS 

ABBRLV I ATE ^STRINGS  MEANS^STRINGS 

^ILE NAMES INCLUDE 

MAP SLIDE ^PHY YSICAL NUMBER = 

i nr Tr «iV 

NUMBER \ 
LIST / 

These constructs can be used to provide 
student monitoring with error detection, aiding 
and equipment simulation. An example of this is: 

L: EXPECT SAFETY_LATCH 

EXPECT SAFETY_LATCH = ON ALLOWING NONE 
UNLESS NONE 

IF CORRECT THEN GO TO ! :c.AFF_T0_PROrFFD 
END IF 

(ELSE THE WRONG ACTION WAS TAKEN) 

DISPLAY "Place safety latch on" AT CRT 
FOR LOW AIDING 

GO TO L;EXPECT j>AFETY_LATCH 

END EXPECT 

L: SAFE JO PROCEED 

SET READY TO PROCEED LIGHT TO ON 
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L: SAFE_TO_PROCEED (CONT.) 

PROJECT 23 FOR HIGH AIDING 

I 

CAL can be used to provide student testing. 
An examf^e of this is: 

L: DISPLAY_COOLING_AIR_QUESTION 

DISPLAY "Should cooling air be applied 
before the main electrical 
power supply is hooked up?" AT 
CRT 

EXPECT C_IRN = AN_KYBD_STRING ALLOWING 

ANY UNLESS NONE END EXPECT 

IF AN KYBD STRING = 'NO' THEN 

DISPLAY "Error in choice of cooling 
air application" AT DISK 

DISPLAY "T.O. JG-U-00 provides in- 
formation concerning the 
application of cooling air. 
Would it be proper to recon- 
sider vour last answer?" AT 
CRT 

EXPECT AN_KYBD_STRING = 'YES' GO 
TO L:DISPLAY_MENU END IF 

(A more specific aid is needed) 

DISPLAY "On page 59 of T.O. JG-11-00 
there is information concerning the 
application of cooling air" AT CRT 

GO TO L:DISPLAY_MENU 

END IF 

L:FRONT_PANEL_QUESTION 

DISPLAY "Should the front panel be 
removed before the application 
of the main electrical power 
supply?" 

As can be seen from the language constructs 
and by these examples, the courseware can be con- 
structed to provide monitoring of student perfor- 
mance by comparing actual actions against a pre- 
defined: 

• Single action 

t Set of actions which must be performed 
sequentially 

• Set of actions which may be performed 
in any order 

• Set of actions which are extraneous 
and to be ignored 

• Number of actions 

• Time 

It provides presentation of: 

t Simulated device responses 

• Pictorial material 

t CRT messages 

CAL provides feedback for: 

t Correct actions 

t Incorrect actions 

• Time 

• Number of actions 

Figure 2 describes the courseware genera- 
tion process and the interface to the on-line 
trainer software. The first step in this process 
is the annotation of the i.O.s or Job Guides. 
Annotation is the specifying of the student moni- 
toring, feedback responses, error processing and 
recording requirements for each step in the T.O.s. 
The CAL source is coded based on the annotated 
T.O.s. CALGEN is used to compile the source 
cede. The object coJe generated is produced as 
a set of files on the disk used by the operation- 
al software. The object code is interpreted by 
the on-line, real time trainer software providing 
the desired student Monitoring, feedback and 
report generation. 

The on-line SAMT software system provides 
two major flections: a simulation model function 
and a trainer control function  The simulation 
model simulates normal and malfunctioning air- 
craft system operation by supplying appropriate 
responses to simulation panel set (SPS) inputs. 
The trainer control function has overall control 
of the training function including initialization, 
training exercise preparation, training exercise 
presentation, monitoring of the student action 
and comparison of the action for compliance with 
the courseware. 

In addition, input and output subfunctions 
are provided which condition and control the data 
flow to and from the computer. A Powerfail func- 
tion provides for resumption of a problem exercise 
interrupted by a power failure. An operating 
system provides a multi-tasking environment, 
standard peripheral interfaces and file management. 
A kernel component which provides interfaces 
between the other software components and the 
operating systeu. The Kernel dispatches execution 
according to priority, state of the training 
system and real time. 
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Figure 2 
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Figure 3 shows the operational software 
hierarchy. The Instructional Features require- 
ments are satisfied within the trainer control 
function. The control courseware provides ser- 
vices generic to the SAMT. Training courseware 
provides T.O. unique information. The Procedure 
Monitor is the on-line interpreter of the course- 
ware. The training courseware specifies what 
student inputs (from the panel or the keyboard) 
and in what order these actions are to occur. 
The training courseware can also specify what 
response is to be generated for a given action. 
The response may be a display on the SPS, a 
CRT message, 35 MM slide and/or problem freeze. 
Thus providing equipment simulation, student 
aiding, error feedback and/or student testing. 
Training courseware also specifies what ihforiTiä- 
tion is to be recorded in the student record. 

The control courseware controls the training 
courseware and provides the instructor control. 
These controls are: 

1. problem exercise list 

2. message notification 

3. status report call up 

4. freeze enable 

The problem exercise consists of up to 15 
elements which define an exercise to be performed 
by the student. These elements are: 

1» procedure -- Job Guide or fault 
isolation procedure contained in the training 
courseware. 

2. malfunction 

3. aiding level -- The student aiding 
level may be low, medium or high. 

4. parameter --• simulation variables such 
as temperature, oil pressure and fuel quantity. 

5. Sign IN -- Instruction to the student 
to enter his name and identification. This 
i iformation is then entered in the training 
record. 

6. time limit -- Alloted time for the 
student to complete the exercise. If the student 
exceeds this time, a message is displayed and 
the exercise halted. 

7. action limit -- number of action steps 
to be taken by the student in performing the 
exercise. If this number is exceeded, a message 
is displayed and the exercise halted. 

8. lesson -- precanned problem exercises 
stored on the disk. 

Thes~ elements are entered by the instructor 
in the order he desires. The list is then pro- 
cessed sequentially. This allows the instructor 
to select a combination of malfunctions and pro- 
cedures to be performed and to speci fy under 
what conditions (aiding level, parameters, time 
and number of actions). The lesson element pro- 

vides for routinely performed training sessions 
without the instructor having to reenter all 
elements each time. A typical problem exercise 
might be: 

1. Sign IN 

7- aiding level high 

3. temperature parameter 73° 

4. action count 75 

5. malfunction 1 

6. procedure XXX 

7. procedure YYY 

8. malfunction 3 

9. procedure AAA 

10. procedure BBB 

Items 6 and 9 being the operational check 
procedure which would detect the malfunction 
and items 7 and 10 being the fault isolation 
procedures for the specific malfunction. 

The message modification control allows the 
instructor to temporarily modify messages con- 
tained in the training courseware. 

The status control allows the instructor 
to request display of the training record. The 
training record consists of the date and the 
sequentially logged data consisting of P.E. list 
item, state of system freeze, malfunction, 
aiding level, artua1 time, action counts, student 
name, and identification and items directed to 
be recorded by the training courseware. 

Freeze control allows the instructor to 
enable/disable halting of the exercise automati- 
cally when the student commits a hazardous error. 

SPECIFIC REQUIREMENTS VS. CONCEPT 

The software system was designed based on 
the initial Instructional Features requirements. 
When the detailed Instructional Features objec- 
tives (specific use of the trainer) were avail- 
able, it was obvious that they were significantly 
less than the original concept. The specific 
objectives of the student monitoring requirements 
consisted of: 

1. critical/hazardous actions -- Monitor 
the warnings and cautions in the Job Guides. 

2. completion criteria -- Monitor that a 
few specific actions were accomplished by the 
student before allowing him to complete a proce- 
dure. The specific actions may be procedure 
unique. 

3. malfunction removal prerequisites -- 
these prerequisites are not procedure dependent 
but are airplane subsystem dependent. It con- 
sists of monitoring for certain actions being 
accomplished before the student is allowed to 
identify wMch component he believes has failed. 
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4. ti»T>e monitor -- Monitor the length cf 
time the student required to complete a procedure 

5. action monitor -- Monitor the number of 
action? the student made in completing a pro- 
cedure. 

The reasons for the significant difference 
between the initial concept of the Instructional 
Features and the final concept fall into three 
areas: 

1. The general requirements for the train- 
ing had been determined, but the specific in- 
classroom use of the trainer had not been esta- 
blished. The specific uses were not determined 
until the subject matter expert (SME) was asked 
to define the intended use of each Instructional 
Feature. This -/as done to allow the specific 
training courseware for each procedure to be 
specified and generated. 

2. The full capability of the Instructional 
Features was not required by the SMEs for two 
reasons: 

a) The instructors are present during 
the training exercise ano can provide the aiding 
necessary. 

b) The Job Guides have a high rate 
of change for a new weapon system, therefore 
making it difficult to keep step-by-step course- 
ware monitoring current with the Job Guide. 

3. The cueing or student aiding require- 
ment was more state dependent than Job Guide 
step dependent than was originally thought. That 
is, a cue is required at the completion of a task 
or subtask at each step. 

APPLICATION OF INSTRUCTIONAL FEATURES 

In some cases, the development of a system 
to meet a larger spectrum of Instructional Fea- 
tures may be desirable. In other rases this may 
not be true. There are several factors which 
must be considered in making that decision. 
Some of these factors are: 

1. Is the system for which the maintenance 
trainer is being developed mature? In this case, 
the T.O.s are available and have a low rate of 
change. 

2. Is the training to be performed for 
theory of general system operation? In this 
case, representative T.O.s or procedures can 
be used and the changes of the actual equipment 
T.O.s need to be incorporated only when they 
represent changes in the theory of operation. 

3. Is the training objective, familiari- 
zation with the T.O. system? Again, representa- 
tive T.ö.s can be used. 

4. What is the level of training to be 
provided? Entry level or basic training requires 
irore aides and cues to assist the student ini- 
tially and then gradually remove the crutches. 

5. Is it desired to have uniformity of 
training, that is, less dependent on individual 
instructors? The trainer providing at least the 
minimum aiding and evaluation ensures all students 
receive minimum level of instruction. 

6. Is there a high student to instructor 
ratio? In this case, both the student and the 
instructor need help (automatic student aiding 
and monitoring and student performance reports). 

7. is fhe requirement conversion training, 
that is, training a B-52 maintenance man to main- 
tain 6-1's? In this case, he is familiar with 
the T.O. system. He will group tasks rather 
than performing them in series. The student 
does this because he is able to look ahead. For 
example, he knows that he can make all connections 
to a given piece of equipment at once and save 
time rather than when they are called out in the 
T.O, In this case, procedural aiding Joes not 
apply. 

8. Is it desired to have consistent 
training at more than one level? In this case, 
where training is to be provided for entry as 
wall as "conversion training," the Instructional 
Features need to be and can be diminishable and 
tailorable to meet all levels. 

SUMMARY 

The system developed to meet the initial 
concept of Instructional Features does meet those 
requirements as well as the specific final 
requirements. This fact chows that the Instruc- 
tional Features for a trainer system can be de- 
signed to meet several applications. However, 
it is obvious that a less sophisticated system 
would have met the final requirements. As can 
be seen from this example, Instructional Features 
must be determined in two phases: 1) determine 
the general features required by evaluating the 
intended use of the trainer, and 2) evaluate the 
specific classroom use of each feature. 
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AUTOMATED PERFORMANCE MEASUREMENT: 

AN OVERVIEW AND ASSESSMENT 

Joseph L. Dickman 

Spcrry Systems Management 
Res ton, Virginia 

ABSTRACT 

""Thfs paper presents a case for greater util 
(ARM) in flight simulators. The paper mentions 
detail the current variations, such as check, ide 
dure monitoring, and others. It discusses tue a 
particular reference to each of the identified v 
designed to improve users' understanding of APM 
assist instructors^ 

ization of automated performance measurement 
the beginnings of APM, and describes in some 
s, automissions, paramet:r recording, proce- 
ttitude toward APM of different users, with 
ariations. Finally, it presents conclusions 
and increase appreciation of how it can 

INTRODUCTION 

Performance measurement is one of the more 
challenging areas of flight simulation. The 
ability to place students in demanding situations 
and to safely and accurately evaluate how they 
perform is among a simulator's greatest assets. 
It should be exploited. 

In an operational flight trainer (OFT) or a 
weapon system trainer (w'ST) the instructor 
observes the student's performance during a 
training exercise from either an on-board or a 
remote instructor station. With an on-board 
instructor station the instructor is usually 
seated directly behind the pilot or copilot 
(most on-board instructor stations are  used in 
simulators for multi-place aircraft) and can 
directly view the student's actions and the 
resulting indications on the instruments or on the 
visual system display. While this arrangement 
has many advantages, particularly in enabling the 
instructor to detect hesitation or confusion in 
the cockpit, it leads to subjective evaluations, 
which in turn are  conducive to variability and 
inaccuracy. Al^o, because all of the instruments 
and switches in the cockpit are  not always clearly 
visible to the instructor, he may not. be able to 
obtain all of the data needed for precise 
evaluation. 

With a remote instructor station, the in- 
structor is seated at a console that can contain 
several CRT's and a visual system monitor, supple- 
mented in some cases by repeater instruments. He 
observes the student's performance primarily by 
referring to a number of CRT displays that depict 
the simulated aircraft's flight graphically and 
numerically. Many of the on-hoard instructor 
station s limitations in obtaining data are 
removed, but the instructor may not be able to 
assimilate and utilize the full amount of informa- 
tion that is being presented or is available. 
Furthermore, the problems of insuring objectivity 
and uniformity will remain if the evaluation of 
the quality of the student's performance is made 
solely by human judgment. 

In recent years automated performance 
measurement (APM) has been used to varying degrees 
to correct these problems. The digital computer 
used in modern flight simulators has a tremendous 
capacity for high speed, high volume data pro- 

cessing and is abl 
comparisons of stu 
with predetermined 
designers and crea 
computer programs 
the results to ins 
variety of ways. 
that the potential 
appreciated among 
and its capabiliti 

e to make timely and accurate 
dent-achieved flight parameters 
standards, Imaginative 

tive programmers ha\*e produced 
and CRT displays that present 
tructora and students in a 
There is evidence, however, 
of APM has not been uniformly 

the users of flight simulators, 
es are often unexploited. 

The purpose of thi^ paper is to survey the 
"state-of-the-art" of APM, from the viewpoint of 
a contractor who builds flight simulators in 
response to Government specifications. Specif- 
ically, the paper will identify the various ^ses 
of APM found in current simulators, will discuss 
the related programs, or instructional capabili- 
ties, and will examine the different types of 
displays that are  associated with these programs. 
In addition, the paper will discuss tne opinions 
of users regarding these versions of APM, and 
will present conclusions and recommendations 
for consideration by persons who are responsih.e 
for the contents of specifications. 

VARIATIONS 

Automated performance measurement is definpj, 
for the purpose of this paper, as the process of 
evaluating student performance primarily through 
use of the computer, and expressing the results 
in a numerical format. There are many instances 
in the conduct of training in a flight simulator 
where computer-derived data is used to facilitate 
a human-derived evaluation being made, but these 
are not considered to be within the definition of 
APM. The hallmark of AFM is whether the computer 
produces a score, or a number of scores, that 
purport to express the performance of the student. 

Based on the above defini 
of APM can be no farther in th 
first use of digital computers 
tors, which occurred in the ea 
has been reported that Device 
Operational Flight Trainer, wa 
to use "computer automated sco 
first unit of this trainer, wh 
Goodyear, was delivered to the 
slightly iivre recent trainer, 
UH-1H Helicopter Instrument F1 
employed an adaptive training 

tion, the origin 
e past than the 
in flight sir>ula- 

rly 1960's.'l)  It 
2F9C. the TA-4J 
s the first trainer 
ring".(2) The 
ich was built by 
Navy in 1969. A 

Device ZC24, the 
ight Trainer, 
mode in which the 
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computer· cvilluated student pcrformanCt! on certain 
t,1s~s .1n;l ,1dv,1nced him to Qigher difficulty levels 
b,1sccl on his proiiciency.(..l) This trainer, built 
by Link, was Jlso known as the Synthetic Flight 
Tt',JininrJ System. 

Currently, the uses of ArM have proliferated 
to the extent that a number of variations can be 
found in ev0r_y s·imu~ator. They range from 
comr,lex, highly automated programs to simple 
graphic presentations, some of which, in fact, 
do not fully fit the definition of APM. The 
following is a description of each type of APM 
program, insofar as speci fie, unique types can 
be identified, and a discussion of its usefulness 
to an instructor. 

Checkrides 

Checkrides can be considered to be the 
classical form of APM. A checkride is a mission 
or profile in which the computer monitors the 
student performance, usually from takeoff to 
final landing, without intervention by the 
instructor. The common use of checkride is the 
evaluation of ~roficiency in instrument flight. 

Sometimes the term "programmed mission" is 
used to describe a check-ride. In the EA-68 WST 
specification, for example, programmed mission 
is used, but the contractor chose to use the 
term "computer-evaluated mission" instead, con
sidering it to be more descriptive. The 
specification for the F/A-18 OFT calls for 
"programmed missions in ei-t::her the checkride or 
auton:is'Sion mode" (see below for a discussion 
of automissions). 

Ar e~sential characteristic of checkrides is 
~he prevention of the instructor from making 
o~-line modifications to the mission, through 
varying the environmental conditions. introducing 
n~alfunctions, or tightening or relaxing the 
evaluation criteria. 

Ideally, checkrides should be designed so 
that the instructor is not required to be involved 
during the mission other than to start the 
computer program. To this end, checkrides 
usually consist of a series of segments or legs 
with the end conditions of each leg defined so 
that the computer automatically advances to the 
next leg at the ~roper time. During each leg 
the computer monitors a number of par~meters, or 
variables, (hea~i~g. altitude and airspeed, for 
example) and determines whether the student is 
within the criteria for satisfactory performance. 
While the terminology fur the components of a · · 
ch~ckride is not at all standardized, the value 
of a parameter that a student is attempting to 
maintain is commonly called the reference value 
(also tne base value), the criteria for satis
factory accomplishment of e~ch parameter in~ leg 
are stated as tolerances, and instances of 
performance that are outside the prescribed 
tolerance are called error~ or deviations. 

Two types of CRT displays are usually pro
vided for the instructor, to enable him to 
monitor the progress of the mission. One is a 
map display depicting the intended route of the 
,,ircraft nnd the actual track. Usually the legs 
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of the checkride are indi-a ted, and a ~yrnbol ir, 
sometimes displayed beside the appropriate leg 
when the tolerance has been exceeded. 

Figure 1 Illustrates one of the map displays 
for a ch~ckridc for the CH-530 OFT. The exercise 
is an instrument flight from MCAS Cherry Point 
to MCAS New River, North Carolina. In the lower 
right corner of the display is a table reporting 
the amount that any tolerance is being exceeded 
at that instant. 

The other type of display commonly provided 
is an alphanumeric description of the leg current
ly being monitored plus at least the next leg. 
The specification for the A-6E OFT calls for 
three legs to be displayed. The display provided 
by the contractor, Sperry, monitors the preceding 
leg, the current leg, and the next leg. In the 
EA-6B WST, also built by Sperry, four legs are 
monitored: the preceding, the current, and the 
1ext two (the specification did not state how 
many were desired). 

The display, which has been called by 
various titles such as the Scenario Display, 
Leg Data Display, or Alphanum~ric Display, 
usually contains the number of each leg listed, 
a brief description of the maneuver being accom
plished by the leg, the reference values for the 
monitored parameters, the related tolerances, 
and the end conditions for the leg. Sometimes 
a Remarks column is provided containing, among 
other information, current deviations. Figure 2 
illustrates the Scenario Dis~lay for the EA-68 
WST. 

Designing a checkride so that the computer 
will infallibly recogn1ze the end conditions of 
each leg is an art. Scenario designers must guard 
against a number of pitfalls: ~remature advancing 
of the computer program, failure to advance when 
the pilot commence(.s a new leg, and the charging 
of invalid errors 4). In the final analysis, 
there probably will never be a fool-proof check
ride, so perfectly designed that the computer 
will be able to cope with any gross error that a 
student can commit. 

When the computer scoring becomes disasso
ciated with the flight profile of the simulator, 
whatever the reason, the instructor must either 
abort the mission or take action to realign the 
scoring. Many simulators that have a checkride 
feature are equipped with a switch, sometimes 
labeled Manual Advance, to enable the instructor 
to advance the computer ?COring to the next leg. 
In fact, the specification for the A-6E OFT 
requires a "control to start the next leg of the 
.mission prior to expiration of indicated time", 
presumably referring to a manual' advance. Some 
trainers have an additional switch to retract the 
computer scoring to the previous leg. Of course, 
there should be a way for the instructor to 
"forgive" any leg with invalid errors. 

The results of the mission can be presented 
to the instructor in many ways. Typically a 
summaty display is provided that lists for each 
parameter, as a minimum, the total number of 
deviations recorded, the maximum deviation, and 
the cumulative time out of toler,,nce. The CEM 
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Figure 1. Checkride Map Display for CH-530 OFT 

CEM SCENARIO DISPLAY 

LEG PARJ\METERS LEG END 
NUt·iBEil. DESCRIPTION t•IONITOHED CONDITIONS 

2 DECELERATE TO 250 KT ALT 20000 +- 299 FT DIST IAF + 12.5 NM. 

*3 

4 

5 

3 t<lHl\JTES BEFORE I:'\S 290 +- 50 KTS 
TIMBER. GT +- 2 NM. 

SPEED NOW STABLE AT 
250 KTS. 

TURN LEFT. PROCEED 
INDOUND ON RAD 278 
GPO. DESCEtm TO 
8500 FT. 

EST!,DLISHED ON 
RADIAL. CONTINUE 
DESCENT TO 8500 FT. 

AL'l' 20000 +- 200 FT RAD -- 278 GPO OR 
IAS 250 +- 10 KTS DME -- 35 NM. 
GT +- 2 NM. 

ALT 14350 +- 5850 FT DME 32 GPO 
IAS 250 +- .10 KTS 

ALT 14350 +- 5850 FT DME +- 20 GPO 
IAS 250 +- 10 KTS 
RAC 278 GPO +- 3 DEG 

Figure 2. CEM Scenario Disr1ay for EA·6B WST 
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Summary Display for the EA-6B WST (shown in 
Figure 3~ al<;o includes the total time recorded 
und the percnnta~lC of the total ti1ne ,·ccorded thut 
was out of tolerance. This percentage can serve 
as il score. 

~1ost pet·sons troincd in stutistical analysis 
prefer other, more sophisticated methods of 
evaluiJtinCJ performance. The 5pecification for 
the F/A-18 OFT, for example, calls for measure
ment ty "Rr~S deviation technique" and mentions 
"Z scores". The ~~~S (root mean square) metll'ld 
produces il v~lue which is the square root of the 
sum of each deviation squared. thus it penalizes 
the s•:udent (quite properly) fot· occasionul wide 
deviations. In this method the deviation is 
measured from the arithmetic mean, assumed to be 
rqual to the reference value, ruther than from a 
tolerance. Z :cores compare a student's perform
ance with all others, using a statistical measure 
callEd the standard deviation. With Z scores 
th~ user is required to maintain J bank of 
rlata from all pt·evious sirnilur missions. 

~·!!:en these techniques were explained to 
the F/A-18 OFT Fleet Project Team and other user 
rcprosentatives at a design review meeting, 
the reaction was decidedly negative. Apparently 
the users considered that statistical approaches 
'.•IU"i? not suited to training needs. Consequently, 
the chcckride in the F/A-18 OFT uses the conven
tional. tolerance-oriented method of evaluation. 

The CH-53 D/E OFT also used tolerances in 
its checkrides, but it h~s a Quality Control 
Display and pro£ram that enable the instructor 
to compare any checkride results l•li th the "norm" 
of others in the data ':lank. The instructor can 
compare his student with all others, or with 
gro,Jps of ,Jilots ~1ith generally the same total 
hours, instrument hourJ, or hours in the CH-53 
uircraft. The comparisons are based on the 
percentage of time out of tolerance and the 
maximum deviation, for each parameter per leg. 

CEM 
t1ISSION 

P/\RJ\ME:TERS ::JUt·lnEI<. ['11\X 
1--iE/\SURED Llt:VU,TIO~lS +DEV 

ALT 0 0.0 FT 
GE,\R 0 0.0 
FLi\l' 0 0.0 DEG 
!<.1\D 0 0.0 Rl\DS 
.r>.Ot\ 0 0.0 UNIT 
GT () 0.0 NH 
[ /\:-; 1 0.0 K'TS 
ROC 0 0.0 FPM 

As used in some specifications, the term 
"uutomission" refers to a programmed mission in 
which the instructor is allowed to make on-line 
modifications. The term "automated tra1ning 
exercise" h,ls also been used to identify the 
same capability. Neither term is adequately 
discriminating. 

In some versions of automissions ,e instruc
tor is permitted only to change the environmental 
conditions and introduce malfunctions. In others 
he can also change the scoring criteria, i.e. 
reduce or increase tolerances so to make the 
parameters more difficult or less difficult to 
maintain. 

Automissions should use t~e same qeneral 
displays as checkrides, i.e. a graphic display 
and a scenario display. Scoring should be based 
on tolerances rather than comparison ~lith other 
students, since the latter method loses validity 
when the instructor modifies the mission. 

A unique approach for APM is being developed 
for the HU-25A and HH-65A Flight Training Systems, 
being built for the U.S. Coast Guard by Srerry. 
Rather than having an hour-long, or more, check
ride containing a fixed flight path, the 
instructor will have available a number of 
separate programmed "maneuvers" which he will be 
able to monitor via the computer whenever they 
occur during a normal training exercise. These 
m<1neuvers will have legs, parameters, and end 
conditions like a checkride; however, they will 
each be only a few minutes in duration. They may 
include an instrument takeoff, a holding pattr.rn, 
a number of published approaches, a GCA, and some 
malfunctions at critical times of flight. At any 
time during a training exercise, if the student 
is going to perform one of the monitorable 

SUMHlo.RY D 16 
NUI'H\ER 8 

I --!AX CUI1. THlE TOTAL TIME % 

-·DEV OUT RECORDED 

0.0 FT 00:00:00 00:00:23 0.0 
0.0 00:00:00 00:00:00 0.0 
0.0 DEG 00:00:00 00:00:00 0.0 
0.0 Rl\DS 00:00:00 00:00:00 0.0 
o.o. UNIT 00:00:00 00:00:00 0.0 
0.0 Nf\1 00:00:00 00:00:23 0.0 
7.9 KTS 00:00:04 00:00:23 17.4 
0.0 FPM 00:00:00 00:00:00 0.0 

Fiqurc 3. CEM (Chcckrid!l) Summary Display for EA·613 WST 
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l!!,llll'uvt>r·~. the instr·uctor will be able to initiate 
the ~~r~l rn·o<Jr,lnl dnd oht,l i 11 ,1 computer·-derived 
e v ,1 l u ,1 t ion o f U1 f' stud c 11 t ' s p r' r forma 11 c e of the 
n1~1 ncuvPr. 

Thr user'•; objective in sp~cifying this 
.tpprc,Mil wJs to provide the instructor more 
fiC'dtd l ity then he v10uld have with il checkrfde, 
The user· wa·; concerned tlwt students will become 
fami 1 i.u· with the sequence of maneuvers in a 
·,·!ieckride th:Js reducing its validity as a 
::ir,lsur·r of overall proficiency. With the 
o:•on'torcd-maneuver approach the instructor can 
o;ltT<l tc or wi U1hol d the monitoring program as he 
desir·cs, thus the student does not know when 
l:c; i~. lwinq monitored. Thr student may learn 
·.·1i~J l~ n:,1neuvcr·s .we monitorahl e and therefore know 
v1hcn he is Vitlncr·ut1lr, hut he Ciln nevrr be sure 
if. t.ho l'r·onranl is opcratirHJ. 

It is interesting that the concept for the 
rronitored-marrcuver approac:; 1-1as first presented 
,1t the 11:ock-ufl conference, eurly in the develop
l'lent of the sin:ulators. It does not appear in 
the published specification. 

Some specifications suggest that the 
instructor at any time in a training exercise 
should be able to enter parameters and tolerances 
for computer monitoring. Since the instructor 
will have to control when the monitoring starts 
and stops, this Cdpabifity could be called "semi
auton:ate,j performunce measuring". 

A program to provide this Cilpability was 
developed in 1976 for the A-4H and N OFT's, 
by the Simulation Engineering Cor;Joration (now 
Sperry). A CRT p2ge (see Figure 4) enabled the 
instructor to entrr any desired reference val'ire 
and allowed ~eviation, or tolerance, for up to 
15 specified parameters. When entered, these 
values appeared under REF VAL and DEV in the 

STANDGY column on the pagr, When the instructor
st~rtcd the computer monitoring, by entering a 
Villue for START TIME or by desi~nattng START NOW, 
the parameter values would appear in the RECORDING 
COLUMN. The in~tructor could then enter new 
val11es in the STANDGY column in preparation for 
the next leg, A teletypewriter automatically 
printed out every entry made and tht time out of 
tolerance plus the maximum deviation for each 
parameter monitored. If desired by the instruc
tor, a summary was also printed reporting the 
total time out of tolerance and the total time 
measured for each parameter. 

This program provided the ultim~te in flexi
bility. However, the demands on the instructor 
were so great, if he attempted to monitor a number 
of legs sequentially, that he could handle only 
one or, at the most, two parameters per leg. Gy 
preplanning.all entries and having an assistant 
operate the keyboard, an instructor could handle 
possibly three or four parameters simultaneously. 
His role was to determine precisely when to have 
the operator make the entries to start and stop 
monftoring each parameter, a decision that was 
critical to the validity of the scoring. 

A number of specifications call for auto
mated performance measuring "on a continuous 
basis as a function of time", and use the term 
"parameter recording" for this opabil ity. 
The interpretation is usually mace by contractors 
that a strip chart recording is desired, although 
specifications are customarily not that specific. 
When both checkrides and parameter recording are 
required on the same simulator, as is the case for 
the EA-6B WST, for example, the contractor is 
aJle to conclude, at least, that two different 
capabilities are des fred. 

The parameter recording program in the EA-6B 
WST can monitor up to 18 parameters simultaneous-

PERFORMANCE NEASURING P11 

RECOJWING STAND13Y RECORDING S'l'ANDBY 
HL::F V,\L L'EV REF VAL DEV REF V/l.L DEV REF VAL DEV 

01 Ir-.tt~ x.xx .XX x.xx .XX 11 ADF TRI< XXX XX XXX XX 
02 lAS XXX XXX XXX XXX 12 PIT RATE XXX XX XXX XX 
03 T t!DG XXX XXX XXX XXX 13 ROL RATE XXX XX XXX XX 
04 ;\071 XX XX XX XX 14 YAW RATE XXX XX XXX XX 
OS VVEL ±XXXX _±XXXX ~-xxxx :~xxxx 15 RPM XX XX XX XX 
06 ,\LT xxxxx xxxx xxxxx XXX XX 16 STAR'l' TUIE XXX:XX 
07 ,\CCEL x.x x.x x.x x.x 17 STOP '1'H-1E XXX:XX 
08 PI'I'Cii XX XX XX "'< 18 STAR'l NOI'l 0 
09 Llt\NK XX XX XX X" " 19 STOP NOW 0 
10 Ti\N i~'l' :-:.x x.x x.x x.x 20 SUMMARY 0 

FitJu~e 4. Page fo1· Semi-Automated Performance ~ensuring (A-4H and N) 
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ly. The instructor cnr1 enter reference val11r:s 
ilild tolerances usinq a CRT paqc (sec Fiqurc 5) 
~;ome1vhat simiLH· to the page for semi-automatic 
pcl·fon•1ancc mcasurins for t~1c A-4H and rL Since 
the EA-6C WST uses non-page dependent formats fnr 
data entry, an input code is required for each 
i'Jr'i1:neter, and initial, or default, values are 
provided for the reference v<:1IIOS and tolerances. 
The instructor can modify th~sc values a~ he 
desires during the exercise. 

The ro.~s!ilts .1re continuously printed out on 
~ Versatec ~rinter-plotter. Each column of the 
:'rir:totJt hils, center-line that rcprcsents the 
reference value and two boundary lines that 
depict tl:e tolerance (see Fi~ure 6). Some 
pJrdmeters, such as landing gear ~nd flaps, 
1:1err·ly indicate an up o.· dm·m stute. 

The specification did not require a summary 
or Jnalysis of the printout, so if th~ program 
were extensively used durinQ a missio1, the 
instructor would be faced with considerable raw 
~ata requiring interpretation. Another limita
tion is the fact that the printer-plotter cannot 
be used for other purposes, such as printing CRT 

~isplJys, when the parameter recording program is 
operating. This prohlnm can be corrctt~d hy arld
inQ anoth~r printer-plotter to the sys~em--a solu
tion that wnul~ increase the cost of the trainer. 

Most specifications are not as am~itf0us as 
the one for thu EA-68 WST. The parameter record
ing program fer t1e A-6E OFT, for example, 
monitors only up to six parameters simultaneously, 
although the instructor can select them from a 
total of 19 available.· The specification for the 
AV-88 Weapon~ Tactics Trainer calls for recording, 
displJying and printing values nnd tolerdnces for 
up to ten parameters, of 22 available. The latter 
specification stipulates a minimum printout rate 
of one copy per five seconds, which implies t~at 
a strip recording is not necessarily desired. 

In the F/A-18 OFT the parameter recording 
program operates only in conjunction with 
programmed missions. Ten parameters can be 
monitored, and the results, in continuous trace 
form, are displayed in sets of two parameters 
eJch. There is no provision for specifying 
tolerances s:nce the programmed missions contain 
the tolerances. Thus the parameter recording 

PARAHETER RECORDING D 9 

PA!"~,"u·lt:TER 

HE:\DING (DEG) 
l\LTITlllJE (FT) 
l .. IRSPEED (XI.!o..S) 
ANGLE OF AT'U\CK (UNITS) 
/,NGLE OF BANK (DEG) 
\CCELERATIOl'< (G) 
FLAPS (DEG) 
L\NDING GE/,R ( 1-=:JO\VN) 
SPEEDBR.;;.KE ( 1=0Vr) 
!l,i\TE OF CLI1•1B 
RATE OF DESCE!\T 
RATE OF TuRN (DEG/SEC) 
PITCIJ RATE (DEG/SES) 
ROLL R!,TE (DEG/SEC) 
YA\'/ RATE (DEG/SEC) 
GCA/CCl, ELEVATION (FT) 
GCA/CCA AZII\iUTH (DEG) 
GCA/CCA CENTERLINE (FT) 
RPt·l, LEFT ( ~~) 
RPl\i, RIGHT U;) 
PITCH ANGLE (DEG) 
MACH (H!N) 
'l'l,C:\N BEARING (DEG) 
Dr·tE (NI!J) 
1\CU> ELEVATION (FT) 
ACLS AZP·!UTH (DEG) 
ACLS CENTERLINE (FT) 

CODE 

HD 
AL 
AS 
lv-'1. 
AI3 
AC 
FL 
LG 
SB 
RC 
RD 
RT 
PR 
RO 
YR 
GE 
GA 
GC 
RL 
RR 
PA 
MN 
TB 
TD 
AE 
AZ 
l.R 

REF V:\L (F) TOLERANCE (L) 

360.0 
15000.0 

320.0 
17.0 
0.0 
1.0 
0.0 

1 
1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

82.0 
82.0 

0.0 
0.68 

360.0 
20.0 
0.0 
0.0· 
0.0 

ENABLE RECORDING 
DISABLE RECORDING 
CLEAR H}.;ADINGS 

10.0 
100.0 

20.0 
3.0 

15.0 
2.0 

30.0 
0 
0 

500.0 
500.0 

1.0 
15.0 
15.0 
15.0 
50.0 

100.0 
100.0 

5.0 
5.0 

15.0 
0.05 

2.0 
2.0 

20.0 
2.0 

50.0 

STANDBY 

0 
0 

--0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

Figure 5. Parameter Recording Display (Partial) for EA-68 WST 
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RECORDING 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



program is merely a graphical history of the 
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Figure 6. Parameter Recording Printout 
(Partial) for EA-6B WST 

STA 2 STA 3 STA 4 

II 

WE!,PON 

STA 5 

)'/~_iljlo n S cor JJ:lJJ 

The simplest use of APM is in scoring a 
weapon delivery. The computer evaluates the 
imp~ct point based on simulation-derived data, 
a process that an instructor cannot possibly 
emul~te, and displnys the results graphically or 
numerically, or both. The final score is very 
easy to interpret: the student dropped his bomb 
acceptably close to the target or not. 

Most displays of weapon deliveries feature 
a target with concentric circles depicting rangr 
errors. The A-6E Team Tactics Trainer, being 
built by Sperry, will combine a target display 
with delivery data that will inc1urle the miss 
distance, clock code (indic~ting the azimuth 
error), the cumulative CEP for the mission, and 
the probability of kill based on the weapon type 
and target characteristics (see Figure 7). 

An additional display will show the read-outs 
From the Digital Display Unit (DDU) in the cockpit. 
These readouts, which are available to the bombar
dier/navigator after each bomb run, include para
metric data such as the airspeed and Jltitude at 
bomb release, the wind direction and velocity, 
pitch and g's for the aircraft, as well as others. 
From the DDU data the instructor can reconstruct 
the release conditionsand analyze the impact 
errors. 

The o;pecification does not call for a 

, __ ....... , ... _ "'··-' 

DELIVSRY 

Rt.:N WPN I•IISS CLOCK CEP POK 
NO TYPE DIST CODE 

1 XXX XXX XXX XX .XX 
2 XXX XXY. XXX XX .XX 
3 XXX XXX XXX XX .XX 
4 XXX XXX XXX XX .XX 
5 XXX XXX XXX XX .XX 
6 XXX XXX XXX XX .xx 
7 XXX XXX XXX XX .XX 
8 XXX XXX XXX XX .xx 
9 

10 
11 
12 
13 
14 
15 
16 

Figure 7. \Jeapon Delivery Display (A-6E T Jam Tact1:s Trainer) 
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con:putt>r-dcl'ived analysis of the bomb runs (only 
the impncl point is calculuted), although P. would 
seem that t!1is would be an excellent use of APM. 

i\i !..-_to :AJt. __ C_om_b_a_t 

The role of APM in air-to-air combat simula
tion is basically similar to that in weapon 
scoring. The computer analyzes the geometry of 
the :nterccpt, checks the stu:ent's swiLchology, 
assesses the position of the steering dot at the 
moment of firing, and makes an assumption about 
the Pk (probability of kill) of the weapon used, 
Jnd fr01;1 thest> calculations deter·mines wi.ether a 
kill was achieved or not. An instructor would be 
able to make the same eJuluation subjectively, 
but more slo\~ly, of course, and always with the 
possibility of error. 

The displays for air-to-air combat can range 
from hirJhly sophisti.:ated, depicting dynam·ically 
the three-dimensional relative pLsition of the 
two mJneuvering aircraft, to relatively simple, 
consisting merely of a map display showing 
"ownship" and the hostiles. In any c:ase, the 
di~play ~ill show the results of the engagement 
in the form of a kill or no-kill ~tatement, 
usually accompanied by some type of analysis. 

Procedure monitor:n~ is a Program that 

. ~ I •;: 

J( .. :, 

enables the instructor to evaluate how well a 
student accomplishes the required steps in a 
published procedure, such as the interior inspec
tion checklist (a "normal" procedure) or the 
cngi ne fa i 1 ure emergency procedure. ~~~en proce
dure :nonitoring is sp€cified, the contrar.tor 1s 
usually required to develop L very extensive 
library of CRT displayJ, normally one page per 
~rocedurr.. In some specifications two proLedures 
per page arc stipulated. 

~procedure display typically lists the 
step~ in ~he requir£d sequential order, and 
indicates the order of actual accomplishment, 
either by an additional column of numbers or 
by listin~ the numbers across the bottom (see 
Figure 8). In some simulators the instructor is 
able to control when the procedure is "active" 
and subject to monitoring, and their displays 
show the elapsed time for completing the proce
durr. 

There ar··~ no known specifications that call 
for an overall evaluation or score of a student's 
accomplishment of the normal and emergency proce
dures that he is faced.with during an exercise. 
7his would be within the capabilities of APM, but 
the algorithms would have to cope with the fact 
that in many procedures there are steps, such as 
those that state "visually check" or "as required", 
that cannot be evaluated by the computer. Current-
ly the displays simply ignore whether these steps.,._-

:.,1 ·T T ~' L 

ELAPc;ED TWE 0l•:Otl:(10 

1 1\!N''·'· .•. SP!lL\D ;,N[) LO,.'KED 

RVDDER •••• ZERO D[G 

3 FLAPI:HONS.,., ;~ERO :H:G 

4 ST:\BlLIZLR .••• 6 U~ITS r;O$L UI' 

'> rL,\PS/~"L.\'rs ...• T;\J..:t:Orr/iJOI~<-; 

r) s:..xr :; .••. !J0y.'N 

7 ST,\t.\L!ZEI~ .. , .si;IFTELl 

8 sr,l·:~Ll iiRA~t:S .••• JN 

9 FUEl. 1',\NK f>llESSUHE ~WITCH •• , • NOI<~:.\L 

10 h'lNG FUEL PRES<~':!<~: LIGHT~' •••• 11 r 
11 FUEL I~U,DY c;W!TC!l •••• on• 

- CONTn,lLS,., .I'HI:E ,\NO VISUALLY ,:m:n:Ul 
12 ;,res •••• oFr 

RUN l -

RUN 2 -
HUN 

Figure 8. Procedure Monitoring Display for A-GE OFT·-
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ace accomplished or not, or assume that they are. 
The instructor is expected to make the necessary 
allowances in hi:- mental evaluation. 

Usually, simulators that have on-b-oard 
instructor stations do not have the procedure- 
mo li tor i ng feature, presumably on the premise 
that the instructor can adequately determine by 
over-the-shoulder observation whether the student 
is accomplishing the steps. 

GCA/Its Monitoring 

Simulators that are intended to train 
students in instrument flight usually have a 
display that depicts the geometry of a GCA 
(ground-controlled approach). The final approach 
and "he glide slope are  usually shown with the 
aircraft symbol and track superimposed on each 
(see Figure 4). The instructor can determine 

either from a graphic scale or "rom a numerical 
readout how much the student is deviating hor - 
zontaliy and vertically. The instructor can then 
provide the simulated GCA operator's instructions 
to the pilot. More advanced simulators auto- 
matically display the instructions on the page, 
so the instructor on!» needs to read  them. Auto- 
matic voice instructions are also available-, as 
on the F/A-18 OFT. 

A form of APM is required for the computer 
to evaluate the location of the aircraft with 
respect to the correct approach path and to 
display the proper GCA instructions. However, 
no specification requires an automated evaluation 
of the approach or a scor° representing degree 
of excellence. The instructor, of course, can 
determine visually fron; the track on the display 
whether the approach was within rubj■?;ri vely 
determined 1imits. 

Figure 9. Typical GCA/ILS Display 
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Some simulators use the same type of display 
for ILS (instrument landing system) approaches, 
except that operator's instructions, of course, 
are  not included. Alternatively, a repeater 
instrument at the instructor station reproduces 
the ILS indications in the cockpit and enables 
the instructor to visually evaluate the approach. 
L'ke GCA's, no specification requires a computer- 
derived evaluation or score. 

Time Plots 

Some simulators have a graphic display that 
depicts certain parameters, such as altitude and 
airspeed, plotted gainst a time base (see 
Figure 10). This type of display is usually 
shown in an area of recurring flight data, some- 
times called the "reserved area" or the area for 
"supplemental data". 

able to print the data for later use in the 
post-mission critique. 

r-oooooooooo0°ooc,0ooo0°( 
0 0 0 0 0 0 0 

Figure 10.     Time  Plot  Display  for CH-53D OFT 

The purpose of  this  display  is obscure.     It 
provides a   brief graphic   record--the period 
covered  is usually around  10 minutes--but no 
provision  is made to   include a  reference value or 
tolerance.    One suspects  that  it  is  a carry-over 
from an out-of-date concept.    While  it  is 
computer-derived,   it  falls  far  short of being an 
example of APM. 

Terminal  Conditicms 

Simulators  for Cer^ier-oased aircraft some- 
times  have a display or p» >>tout that provides 
data related to the landing on  IV carrier deck. 
The A-6E Night Carrier Landing Trainer   v"n-T)   has 
devoted half of its Performance Evaluation Page tr> 
a Terminal   Conditions Display which automatically 
records nine parameters,  such as the wire caught, 
hook-ramp clearance, lateral  distance from center- 
line,  etc.   (see Figure 11).    The instructor is 

Figure 11.    Terminal   Conditions  Display 
for A-6E  NCLT 

In other simulators a   similar  display  is 
sometimes  provided  for the  terminal   conditions 
pertaining  to  landing on a  runway.     In  the  F/A-18 
OFT  the Landing Data  Display,  which  is  not auto- 
matic  but must  be called up by the  instructor, 
has  a dual-purpose display,   half of which  is 
devoted  to  carrier-oriented  parameters  and  half 
to runway.    The  parameters  are mostly the same, 
except that  those  for a  runway  include  "distance 
from threshold"  rather than  "wire caught"  and 
"hook-ramp clearance". 

In the F/A-18 OFT,  the display  lists  the 
optimum values  for  the carrier-landing  parameters. 
The optimum hook-ramp clearance,   for example, 
is  stated as  14.1  feet.    After a  student has 
completed a  landing,  the  instructor can compare 
tue actual   values with the optimum ones. 

As observed  previously,   it appears  that APM 
could  be called on to go one step  farther and 
provide a  qualitative assessment of the student's 
performance.    Since the optimum values are known, 
all   that  remains   is  for  the users  to determine 
the range  for  satisfactory achievement.    The 
computer would do  the rest. 

Ejection Data 

A display  similar to  terminal   conditions 
displays  is the ejection data display, which 
present?   to  the  instructor  the essential   infor- 
mation regarding an ejection,   if the student 
simulates one.     In the F/A-18 OFT the display 
reports the indicated airspeed, altitude, 
vertical   velocity,  bank angle, and  pitch angle- 
all  of which are relevant  to the success of the 
ejection—and then,   in a  succint demonstration 
of APM, concludes by answering with yes or no 
the question "Successful?" 

Event r; i^out 

Another feature related to performance 

/ 

162 

BM'ITIT- liiiTifi iM.ri T.« 
' ■-■    - ii-Birim im miua^mm 



measurement but with an obscure purpose is that 
referred to in specifications as "event printout". 
In the *\-6E OFT, for example, this program auto- 
matically prints out the time of occurrence of 
18 flight-related events. The events include 
takeoffs, gear up, flaps/slats up, stores release, 
master caution light illuminated, land' ig touch- 
down, and others. For some events, the associated 
airspeed, altitude, and angle of attacK are  also 
printed out. The printout is made either on the 
parameter recording sheet, in the Remarks column, 
or separately if parameter recording isnot in use. 

Presumably the instructor will use the 
printout as an aid in critiquing or evaluating 
the student. If the event printout program is 
used in conjunction with parameter recording it 
can assist the instructor to reconstruct the 
mission and interpret the strip charts.  Its use- 
fulness alone is questionable. 

USER OPINIONS 

Representative user opinions about APM are 
difficult to obtain.  Instructor? who regularly 
man the instructor stations are the most knowl- 
edgeable persons about the usefulness of the 
different variations, but a consensus can be 
obtained only by questionnaires or personal 
interviews — an impracticable approach in view 
of the widely scattered locations of most 
simulators. The two existing A-6E WSTs .re 
located as far apart as NAS Whidbey Island, 
Washington, and N/\S Oceana, Virginia. The A-10 
OFTs that have been the longest operational are 
located at Davis Monthan AFC, Arizona, and 
Myrtle Beach AFB, South Carolina. The EA-6B WST 
is at NAS Whidbey Island and the A-6E OFT is at 
MCMS Cherry Point, North Carolina. A comprehen- 
sive survey covering such locations would be very 
costly and time-consuming. 

Another problem is the fact that the newest 
simulators have the most complete suite of per- 
formance measuring features, but some of these 
simulators are  too new for a definitive assess- 
ment. The F-16 OFT, the A-6E OH, and the F/A-iS 
OFT are very  current simulators with many examples 
of APM; unfortunately none has been operational 
long enough for the users to have acquired a body 
of opinion. 

In the absence of a thorough survey of 
instructor's views, the observations and general 
opinions of a variety of user representatives 
have bee- obtained, mostly by telephone. Tnese 
persors include instructors and device operator',, 
supervisors of training at the base/station level, 
and staff officers at the headquarters level who 
are  responsible for planning simulator utilization. 
They all have considerable experience in flight 
training and the use of simulators, and they have 
varying degrees of knowledge about V.     types of 
APM available. 

Checkrides 

From the available opinions ic must   con- 
cluded that chockrides are  used very  little, even 
with the simulators that have the most advanced 
capability.  The general range of use, among the 

different simulators investigated, is from zero 
to very  infrequently. 

The reasons for non-use are complex. In one 
case, only one checkride was delivered, of ten 
originally required by the contract; the 
remaining nine were omitted in return for other 
"considerations11. The user was instructed in 
how to develop his own, but to date he has not 
done so. To compound the problem, the one 
checkride delivered was more of a demonstration 
of the capability than a mission tailored to the 
user's needs. 

In another case, difficulty in operating 
the program has been the principal reason for 
lack of use. All of the leg ends are defined 
by latitude and longitude, so if the student 
does not come acceptably close to the specified 
location, the instructor must intervene, which 
is a frequent occurrence. In this simulator 
he slews the aircraft so as to achieve the leg 
end. This process not only is cumbersome but 
also it invalidates the scoring. 

It can be predicted that any checkride 
program that is difficult to update will tend 
toward disuse. Usually specifications require 
that program updates, including changes in 
display pages, be able to be accomplished via 
Plan Mode (a term used in U.S. Navy specifica- 
tions).  Ideally, Plan Mode should be easily 
operated by instructors or maintenance personnel. 
If it is not (often only because the instructions 
are unclear), the checkrides will become static, 
out-of-date, and unused. 

Underlying all other reasons for checkrides 
not being used is the p.-obability that instruc- 
tors subconsciously resist computer evaluation 
of a student. Why this attitude should exist-- 
whether it is based on ignorance, prejudice, or 
parochialism--is not within the scope of this 
paper. But to seme degree it exists. Possibly 
a contributing factor is the feeling, at the 
base or  station level, that the requirement for 
checkrices in the specification originated else- 
where . 

Automi ssjons 

Relatively few operational simulator have 
automissions, therefore the user opinion of this 
feature is limited. The available evidence is 
that acceptance and employment of automissions 
will he similar to those of checkrides, although 
possibly there will be better utilization of 
automissions because the instructor is more in 
control, particularly through his ability to 
vary the difficulty of the mission based on his 
judgment of the proficiency of the student. 

Moni tored Maneuvers 

Since the monitored-maneuver approach 
originated at the U.S. Coast Guard Aviation 
Training Center, at Mobile, Alabama, where the 
simulators involved will be located, it can be 
expected that the users will be reasonably 
pleased with it. The simulators are over a year 
from delivery, however, so how much it will 
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actually be used is to be determined;  but it is 
anticipated  that this  form of APM will   be an 
integral   part of the Coast Guard's training 
syllabus. 

Semi-Automa ted Per formanee Measurement 

No  information  is available on how much 
semi-automated performance measurement is used 
in the A-4H and N simulators.     In view of the 
demands  thai tr.is program makes on operators,  it 
it unlikely that  it  is used much. 

Paratueter Recording 

Parameter recording is another example of APM 
that is used either not at all  or verv little. 
The reasons for non-use are more apparent than for 
checkrides--parameter recording  is difficult to 
operate,  unless the number of parameters monitored 
is  kept to a minimum; and the results require 
analysis and  interpretation by the  instructor, 
unless  the maneuver  is  quite simple.     Parameter 
recording could  be used,   for example,  to monitor 
the g-schedule during a  loop,  or to monitor the 
rate of turn during a TACAN a^c.     It could not be 
used easily during a  series of acrobatic maneuvers 
or during an  entire instrument approach.    The 
statement was made by an interviewee  that  parameter 
recording  is more applicable to basic fying 
training  than  to advanced or  tactical   training. 
That may be an accurate observation. 

In one simulator,  the A-6L Night Carrier 
Landing Trainer  (NCLT),   it  has  been reported  that 
parameter recording  is  used extensively.    The 
mission of the NCLT is to enable a  student  co make 
repeated carrier approaches and landings.    The 
parameters to be monitored cen be preplanned on a 
CRT  page and entered  simultaneously at the begin- 
ning of each approach, and the results are 
displayed and later  printed on a  two-minute strip 
recording.    Thus,  the mission of the  trainer  is 
simple and  its  parameter recording capability  is 
compatible.    An additional   feature that may 
influence the user's opinion  is the ability of 
the  instructor,  at the completion of each landing, 
to display the strip recordings to the student via 
the visual   system at the trainee station,   i.e., 
in the cockpit. 

Other Forms of APM 

The other  forms of APM discussed previously-- 
weapon  scoring,  procedure monitoring,  GCA/ILS 
monitoring,  etc.--are generally simpler, easier 
to operate, and easier to  interpret  than the full- 
mission programs  such as checkrides,  automissions, 
and  parameter recording;  and  they are well 
accepted and  extensively used,  with  some excep- 
tions . 

Weapon  scoring  is used  because  it  provides 
an assessment,  usually graphically,  that  the 
instructor  is  unable to make himself,     likewise, 
procedure monitoring  is used at a  remote  instruc- 
tor station because  the  instructor  has  no other 
way to determine what the student  is doing  in  the 
cockpit.    GCA/ILS monitoring   is accomplished 
simply and graphically, and consequently  is well 
accepted.    Time plot displays, as described  in the 
foregoing,  are usually contained  in  the reserved 

area and hence are always present,  but  if they 
were assigned to a  separate display, it is 
likely that they would never be used.    Terminal 
conditions displays are used when they are 
generated automatically; when they are not they 
are often overlooKed.    The use of event printout 
is usually related to the use of parameter 
recording,  thus  it suffers  from the same problems. 

CONCLUSIONS 

Many conclusions can  be drawn  from a  study 
of APM.     The most obvious one is that the 
Government spends a great deal  of money procuring 
programs that are used very little.    However,  it 
does not follow that less  emphasis  should be 
placed on APM.    There are many ways  in which APM 
can assist and  improve training;  the direction of 
effort  should  be to  in ure that the money is 
spent effectively. 

It appears  from the language  in  specifica- 
tions thaJ   the Government  is  unsure about what 
it wants.    In many cases  the description of 
required capabilities  is unclear-.     "Boil erplate" 
language is used that can be traced back to 
specifications many years  old;  the meaning was 
vague then and  it  still   is.     Furthermore,   incon- 
sistencies and redundancies exist within the 
same specification. 

As  a   first step toward  being more  precise 
about  its needs,  the Government should standardize 
its terminology and publish a  glossary of 
simulator-related definitions   for  use  in ?11 
specifications.    The term  "automated  training 
exercise",  for example,  should  have an exact 
meaning, or  if "automi ssior."   is used  instead, 
it should mean the same to the Air  Force as  to 
the Navy.    Or,  alternatively,  a more descriptive 
term should  be devised and mae'e standard. 

The subject of standardization of  "instruc- 
tional   feature requirements",  which  includes many 
other features besides APM,  has  been addressed by 
Pohlmann,   Isley, and Caro, and  the development 
of "design guides"  has  been proposed.^)     Some 
recent  specifications  contain design guides, 
although  they do  not cover APM features as 
thoroughly as might  be desired.    The concept of 
design  guides  is  subject  to debate--if it   is  too 
rigid  it could discourage  initiative and  innova- 
tion—hut at least  it would  provide a  base of a 
common, understandable terminology. 

As  the  second  step  in defining  its  needs, 
the Government  should conduct an organized  study, 
or  a  series of studies, of the uses of APM.    The 
principal   purpose of such research would  be  to 
determine which of the different  variations of 
APM are  the most  useful .     ."he questions  to  be 
answered are simple:    Should checkrides and 
parameter recording  both  he  procured on är. OFT? 
Are automissions  cost-effective?    Should  the use 
of  tolerances  be abandoned  in  favor of mote 
sophisticated, comparative scores?    Should  proce- 
dure monitoring he used with on-hoard   instructor 
stations?    How many of the marginal   versions of 
APM--terminal   conditions  displays,   time  plots, 
event  printout--should  be  procured? 

The  fact  that  a   teature   is   little used   ir- 
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not proof that it has little potential value.  In 
many cases, the use of instructional features 
depends on the training and motivation of the 
instructors. The fact thit instructors frequently 
do not know how or when to use "advanced simulator 
training features" has been commented on by Caro 
in a report entitled Some Current Problems in 
Simulator Design, Testing, and Use(%T7" Probaoly 
their ignorance or disinterest is greater in the 
area of APM than in any other general feature. 

Perhaps what is needed more than any single 
action is better communication and coordination 
among the procuring agencies and users. Too 
often the mistakes made with one simulator are 
repeated in others, through specifications that, 
in the field of APM, have simply been copied from 
preceding OPüS. Even if serious mistakes have 
not been made, there are  Tessons learned in every 
design that are not being passed on 1j succeeding 
ones. 

A fall-out from better communication would 
be more appreciation at the base/station level 
of the ways in which APM can assist instructors. 
During training sessions there are many demands 
on simulator instructors; they would benefit from 
the computer's assistance if they better under- 
stood its capabilities. 
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ABSTRACT 

the widespread availability  cf word  processing within  businesses,  the 
rnnent  and the homes cf many Engineers, it has become increasingly apparent 
this tool could be used effectively to reduce the high costs of contractual 
preparation  and review while simultaneously improving the quality of this 
This paper addresses the use of word processing on an NTEC  program.  The 

ary  objective  is  to  reduce  the  total  cost  and  elapsed  time  of the 
aration-through-acceptance (PTA) cycle of the contractual documents. 

\ 

INTRODUCTION 

During the early stages of an NTEC 
study progam (in which deliverable 
documentation consisted primarily of 
reports and tabular data) the use of a 
microcomputer based word processing system 
was considered as a cost effective 
approach that would entail minimum cost 
aiid schedule risk. 

The approach was considered 
appropriate due to the extensive review 
comments anticipated as well JS the 
significant updating of the data that 
would occur over the life of the program. 
Altnough block and functional flow 
diagrams were also developed during the 
study they constituted a relatively small 
percentage of the total data package. 

Since normal trainer developments 
also share some of these characteristics, 
it was evident that the results of this 
effort could be applied to these trainer 
programs as well, 

Our primary hypothesis is that much 
of the data development time could be 
reduced if the PTA cycle could be reduced. 
Even though most of the data items 
prepared under a typical trainer contract 
are Category II or III (data items that 
would normally te prepared by the 
contractor and require only reformatting 
cr can be delivered outright), the 
practical aspects are that even if the 
data is prepared for use by the 
contractor, its submission and subsequent 
rework for approval requires a 
significant expenditure cf effort due to 
the length of time (and hence cost) 
between generation and approval. 
Shortening this cycle would make the data 
more meaningful to both the contractor and 
NTEC and hence reduce the total cost. 

DATA PREPARATION1AND REVIEW 

Before discussing the results of 
this approach it is necessary to examine 
the data PTA cycle to gain a better 
understanding of what is to be 
accomplished. Figure 1j shows this typical 
cycle. Both the time spans and the actual 
"roadmap" will vary from item-to-item, 
contract-to-contract and 
contractor-to-contr^ctor, however, the 
essential processes do not vary widely. 
Note that over 30% of the elapsed time 
between the completion !of the rough draft 
write-up and receipt of the NTEC comments 
is in distribution and mailing. Only 
about 25% of the tine is spent with the 
document in the .Tends of either the 
originator or the NTEC recipient. 

The approach to be described 
concentrates on the, following specific 
areas : 

1. Initial data generation 
2. Government review and submission 

of comments to originator 
3. Incorporation cf  review comments 

These areas indirectly or directly 
account for the majority of the time spent 
in the PTA cycle. Not specifically 
addressed were the areas of. 

1. Contractor design/document review 
procedures 

2. NTEC review-procedures 
3. Formal Contractor cr Government 

handling procedures 

Through the use of word processing 
and data transmission equipment 
significant improvement in the PTA cycle 
time was achieved without disrupting 
organizational procedures. 
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Some processes were changed and/or 
expanded in order to accommodate the 
handling of computer diskettes. While 
basic generation and review procedures 
were left unchanged, a procedure was 
developed to contractually protect both 
the contractor and NTEC when data was 
being developed or passed on-line from 
computer to computer. 

Initial Data Generation 

To assist the originator in 
developing the data, a commercially 
available microcomputer, word processing 
software, printer and telephone modem were 
purchased under contract. Training of the 
originator's secretary enabled her to 
support the initial data preparation and 
to reduce the dependency on the direct 
charge (and fairly inflexible) typing 
pool. The modem was provided so that data 
prepared on the microcomputer could be 
passed directly to/from the word 
processing equipment used by the typing 
pool. Some difficulties were encountered 
in attempting to complete this interface 
with the typing pool equipment. As an 
interim measure, files were established on 
a remote time share computer system. These 
files were read from, or written into, by 
both the microcomputers and the typing 
pool equipment. (A vexing problem 
developed in the way in which various 
computers and word processing software 
treat "carriage return/line feeds". This 
is discussed under lessons learned.) At 
the time of this writing, methods were 
being evaluated for upgrading this 
communications method. 

A significant portion of one of the 
deliverable documents (some 200 pages of 
tabular data) had previously been prepared 
on the remote time-share computer. This 
data was down-loaded to the microcomputer. 
The originator was then able to edit the 
data file directly and incorporate it into 
the document. Had this capability not 
existed, the entire document would have 
had to be essentially re-generated (the 
edits performed were substantial and not 
readily describable to a typist). By 
using this previously generated data file, 
the originator and editor had to 
concentrate only on the changes, not the 
entire document. The originator completely 
revised these tables in about two days 
(The original typing, editing and 
reviewing took more than two weeks.). 
Since many deliverable data items consist 
of portions of previously developed data, 
this extraction and edit process can be 
used effectively to reduce the time and 
cost of developing other data items. 

Due to the problems encountered in 
directly transmitting tc/from the 
contractor's word-processing equipment, 
only the microcomputers were used for 
developing the data delivered under the 
contract. Accordingly, some format 
requirements were relaxed, or waived, in 

order to accommodate the nrocess (the 
primary limitations were split page 
format, relocating artwork, and the use of 
underlining and change bars.) 
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In accordance with the contractor's 
Engineering procedures, a design review 
was conducted using printout's of the data 
package. The majority of the design 
review team generated comments in a normal 
manner: i.e. FROM/TO changes, ^ne team 
member incorporated his comments directly 
onto a copy of the original diskette. His 
changes were indicated by underlining 
changes and additions. Blocks of deleted 
data were indicated by the string 
"••deleted**". Individual words were 
merely deleted. After review of his 
comments, his diskette was copied and the 
deleted phrase removed with the 
microcomputer's editor. This process saved 
the reviewer a significant amount of time 
and effort in writing nis comments. It 
also saved the originator time 
incorporating them. This process did, 
however, require the reviewer to have 
access to a compatible computer system and 
know how to use it. 
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Government  Review  And 
Comments To Originator 

Submission  Of 

By far the most beneficial aspects 
of this approach are in the Government 
(NTEC) review, contractor update and 
resubmission process. 

NTEC's Project E 
a microcomputer, pri 
and word-processing so 
that of the contr 
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originator) . 
diskette  was 
rcr  formal 

In some cases, data was submitted 
informally for review, updated and then 
formally submitted. In other cas^s the 
data was prepared and submitted formally, 
without an informal review. In both 
cases, diskettes and a printout were 
included in the submission, and in both 
cases NTEC comments were made directly on 
the diskette by underlining changes and 
additions and, by marking deleted blocks 
of data by the  string  "«*  deleted  **". 

same process used by the 
A copy of the updated 
returned  to the contractor 
re-submission. In some 

instances, advance comments were also 
transmitted back to the originator via the 
remote time-share computer. By providing 
equipment on which the NTEC reviewer can 
make changes directly on the submitted 
diskettes, a significant saving in time 
and cost for both the Contractor and NTEC 
was achieved. 

Not all comments were incorporated 
by the reviewer. Some required additional 
cata and/or restructuring by the 
contractor. However, the ease of 
incorporating this data greatly enhanced 
the process. (As with the Contractor's 
review, the data was never completely 
retyped, therefore only the areas of 
change required an extensive review.) 

There were instances when the 
contractor was meeting at NTEC and 
incorporated cn-the-spot changes or 
additions to the data package by locally 
updating a diskette. The data was then 
sent over the telephone to the 
contractor's microcomputer for formal 
resubmission - all within a matter of 
hours. 

This process virtually eliminated 
the reed for "FROM-TO" comments and 
enabled NTEC's Project Engineer to bj mere 
specific in his comments. 

Although  a  di 
diskette  submission 
hardware and software 
use of an intermediate 
computer, or standard 
link could be used for 
data   for   review 
printing  and  format 
not  compatible  betwe 
processing software, t 
document  data  would 
without      these 
incompatible hardware/ 
diskette  would  not b 
data package. 

rect diskette to 
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compatibility, the 
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the transmission of 
purposes. Imbedded 
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en different word 
herefore, the review 
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commands.  Where 
software exist,  th* 
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V 

EVALUATION 

Since the documents had not been 
developed using both this approach and a 
more conventional process, an auditable 
FROM-TO comparison cannot be made. 
However, based u^on the experience of 4he 
Contractor, time estimates have been 
prepared for three of the data items. 
Table I shows these results. At the 
time of this writing, many start-up 
problems had been coped with and growing 
pains felt, A cross-section of technical 
and administrative documents had not been 
submitted from which to draw financially 
auditable conclusions on the general use 
of this approach. There is no doubt that 
there will be a small number of documents 
in which either the content, format or the 
method of generation is incompatibit with 
this approach. 

7A.&LE 1 COMPARATIVE TIME 

CDRI. ITEM   PACE COUNTS     TIME (HOURS) 
Text  Tables  list.  Est.  Actual 

31 H9 6 202 U7 

2 11 29 28U 135 

01 117 57 1000 360 

Incorporation Of  Review Comments 

Many of the aspects of incorporating 
the reviewer's comments were discussed 
previously. However, it is significant 
that it was never necessary to retype 
major portions of the document and the 
reviewers comments were usually clear ard 
unambiguous since most of them were 
incorporated d:reetly. 

In some instances the data diskettes 
were transmitted back to the reacte 
time-share compute- for integration. In 
most cases, however, the originator ard 
his secretary made '.11 of the charges not 
zLreuuj   incorporated by the reviewer. 

Both NTEC and the contractor are 
sufficiently confident of this approach 
that the majority of 
several contracts will 
processed using many 
techniques. 

the data items on 
be  prepared  and 

:r  all  of  these 

LESSONS LEARNED AND PROBLEM AREAS 

Although this approach has proved to 
fce cost effective, there are several areas 
which must be considered: 

1, Since this process relies 
heavily on direct. engi ret r-to-engi r.eer 
communications, document control 
procedures are necessary to protect, both 
the Contractor and NTEC. A preliminary 
set of procedures has been developed for 
use  by  the  Contractor  tc  ersure  that 
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control is maintained over the data 
submitted and that committments are not 
made unofficially. A summary of these 
procedures is contained in Appendix A. 

2. At the time of this writing, the 
most, appropriate documents to address in 
this mannei appear to be: 

a. Correspondence 
b. Statements of Work 
c. Specifications 
d. Status and Progress reports 
e. Technical reports (those with 
minimum artwork and       a 
minimum of mathematical 
equations; 

Investigations are currently 
underway to determine how much of the 
typical ILS data can be effectively 
hardled with this approach. 

3. Many remote, time-sh^re computer 
systems may rot accept a "string input 
mode" but are limited to lines of less 
than 250 characters. Since many word 
processing systems are not line-criented, 
they may not be compatible. This problem 
has been experienced jnd at the time of 
this writing is under irvestigatior. 
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5. Most of this process can be 
accomplished through the use cf remote 
time-share computer systems exclusively. 
We have found that reliability is higher, 
speed is increased and total costs are 
less using lecal microcomputers or local 
multi-terminal processors. In any case, 
the terminal at which the cperater is 
located should be "smart", have at least 
2K to ^K of local character memory and 
support diskettes. The system currently 
employed is shown ir Figure 2, 

6. Direct computer-tc-computer 
communications using conventional voice 
grade telephone lines has not been found 
to be satisfactory at speeds over 30-60 
baud. Communications accessed via TYMNET 
»re satisfactory to 300 baud over a 
conventional voice grade line. A local 
call over a data line is satisfactory to 
1200 band. On seme computer systems the 
CRT refresh Urr.e may be sufficiently long 
that some data is missed if  transmissions 

ever 600 baud are attempted. Selection of 
the communications software should take 
this into account. The software should 
provide a "PAGE" vis-a-vis "SCROLL" mode 
of operation to get around this problem. 

7. Time-share computer systems 
typically provide 2U nour backup. This 
prctects the user from losing more than 24 
hours of data. Micro-computers do net 
offer such protection, therefore it is 
mandatory that diskette cycling be used. 
This cycling procedure, which is discussed 
ir. Appendix A, involves maintaining at 
least three copies of each diskette, the 
most recent version of which is copied 
onto the oldest version. 

8. Format requirements found ir. 
many Data Item Descriptions (DID's) are 
not generally compatible with this 
approach. The emphasir must be placed on 
legibility and accuracy rather than 
format.  The primary problem areas are: 

a.  Split-page format 
b  Boldface and underlinirg 
c. Location of non-textual data such 

a S 

artwork, photographs, etc. 
d. Character font 
e. Tabular formats 

The more sophisticated word 
processing systems can usually 
accommodate these requirements, 
however many cannot interface 
with any other system ar.d many 
require that format commands be 
permanently imbedded in the text. 
These characteristics 
significantly reduce most cf the 
benefits derived from this 
approach.  Whether these 
characteristics are "MUSTS" or 
"NICE TO HAVE'S" must be 
seriously reviewed by both the 
contractor and NTEC. 

SUMMARY 

The use of thio approach for 
developing deliverable documentation shows 
considerable promise in significantly 
reducing both the time and cost cf data 
preparation. 

Although  the  project   is just 
underway, most of the objectives are being 
achieved.  The status at the time of this 
writing shows: 

1. A 50% - 751 reduction in 
turnaround time is being realized 
primarily due to the direct incorporation 
of comments, versus the conventional 
"TC-FROM" mechanism. 

2. The documents show a significant 
increase in accuracy due to a reduction in 
the number of "rc-types" and a significant 
decrease in the preparation lead time. In 
some  instances,  the  formal  submissions 
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contained data only a few hours old. 

3. Control and handling procedures 
were developed to ensure that the 
potential informality did not compromise 
NTEC or the contractor. 

4. Format guidelines were relaxed 
with emphasis being placed on legibility 
and technical content. 

V 
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1
ri 1 ~ h t h <' ad v •: r. \ of m i c roc om p u t e r s 

.JiHl wor·d proce~~~>ir:E, documents m:::y ~le 
d~liv~r~d on di~ket\e And/or transmitt~~ 
ccl"C'.r·onlC<il~y directly tO the receiver. 
Thi ~ p:-o::edur.:; define~; the process for 
l' n~pu~:('r~ ''0f'!lJ"IJtPr· er.)mrrn;nications and 
delivery of docu~entation on disk~tte 
~etween the customer and the Cont~actor. 
TU:>- procedure is not intended to .::over 
the submission of contractual letters. 

FORMAL SUPMISSIONS 

Cenertll Policy 

Other than •.he mediu"l of submission, 
formal ~ubmissions requi~e the same 
procedures that are currently in effect. 
7he following procedure documents those 
r pe~ts which are peculiar to the magnetic 
:ilf:-:lium ~·r·ocess. 

1. Originator. Prepare documentation 
ir: ac::ordar:ce •,.;itll the ((ontract Data 
Re4uirements List (CDRL) requirements 
utilizirg bla~k formatted diskettes. 
Verified backup diskettes shall be 
f·' :·epa rea by the or i g i r. at or for Data 
Management. Unless ~therwise approved oy 
the Engireering ~anager, a complete 
print~d copy of the (submittal diskelL~; 
data shall be prepared fo, De1ta 
~3nagement, wh~Lher or not the submission 
:·equlrf'c- 8 print·-·d copy. Prier to 
pn~paraticn o: the diskett~, the 
oriE:~ator shall obtain a co~trol number 
!rem data management and shall format the 
diskette with that control number ~s its 
n?.me. Since diskettes may contain more 
than one document, the TD number shall not 
be used as the control number. The first 
"pngc" of diskette data !lhall contain: 

c Contract number 
o Item (e.g. CDRL number) 
o title 
o revision 
o File name of the data on t~~ 

diskette 
o Date of submission 
o Originator 
o Computer model, s~rial number Rnd 

drive number 
o Operating syst~~ utilized 
o Program utilizec (i.e., 

Lozywri ter, VISICALC, etr:) 
o Data Management Control Num~cr 
o Diskette Cycl~ (A,B, or C) 

2. Dat~ HanJgement. Record, control 
and submit diskette data in accordance 
with current established prc~eaures. 
~aintain files of control numt~r·, diskettt> 

176· 

l l rtJt. "pn~~e" c·at~•, di:-~V.(·l ~_,.. '_;rJtJ J.r lLt·.'·; 
c! [J t :-J • En:: u r· c a c ~ u r n t y c. f t. ( , r J t r u ~ (~ ;) ~, d ::., r ~~ 
d i :; k c t t e i' 1 r s t "p n f: {•" • E r; :; "r '' t La t L ;, r. V. :; ; 
cl i ~ ,: e t t e s a r ~~ r c '' d 1 b 1 e ( i . c , , /!'' r f c r r·; :_, 
LlST on t~e cum~uter). The di~~0ttes 
reLuined by Dnto M:.nagem·~r1. <H'•' t·r,n~~id..,re•~ 
t t, e rna!; t e r s and m us t ~.: con t r 0 1 l 1: c a;., 
SllCh. The printPd copy, n(·~ thr- cU:kette, 
shall be routed for signatur0. 

Updating Formal Submissions 

Data to be updated shall be generated as 
follows: 

1. Originator. Obtain a copy of th~ 
mc.ster diskette from [::~to 1-ionogernei'•L. 
This co~y shall be used as the worki~g 
master for update. Data Management shall 
asign a control number revision for 
incorporation into t~ first "page" data, 
all first "pages" in last - first sequence 
shall be retained on each update. The 
updated diskette shall be separately saved 
and handled. Submission to Data 
Management shal 1 be handled the same as 
formal submissions (See above). 

2. Data Management. Except for the 
requirement to maintain separate diskettes 
for all document ~ev~sions submitted, the 
procedure defin~d above is to be follo~ed: 

NOTE: Multiple revisions can be contained 
on the same disket tc :! :' ;:' __ · .:d, hl'w"""'r 
~ach submission shall be on a new diskette 
and all orior diskettes shall be retained. 
Decisions to discard prior copies must 
have the approval of the Engineer~ng and 
Program Manager. Unless specifically 
exempted, sufficient diskettes will be 
retained to ensu~e that copies of all 
revisions are containe0 on one or more of 
the master d:skettes. 

3. Diskette Cycling. To minimize 
the possibility of loss of valuable data, 
Data Management shall institute a policy 
0f "Three Diskett~ Cycling". The purpose 
of diskette cycling ~s to ~ontinually 
maintain the three :_test revisions of 
diskette data such that recov~ry from 
either erroneous updates or di~k~tte 
damage is no more than one revision aw~y. 
A summary procedure for cycling is as 
follows: 

a. Originator. For each document 
(or contract), rrepare three 
formatt~d di~kettes labeled 
(internAlly) A,B and c. Each 
time an up~ate is made, the 
originator ottains the cycl~ log 
from Data Management and copies 
th~ updated version onto the 
lowest 6ycle disketle which thrn 
becomes the~urrent Master, 

b. Jata Mahag~ment. Est•blish and 
~aintain the cycle log ror eech 
diskette •. 

BE51 AVAiLABLE COPY 



File Names. 
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File  names shall be used that in 
the  revision  as  an   exteruiicn 
"CDRLAC01/R01".  CDRL  A001 is at 
01 on that  fi: .  Each  update 
rr.ade  by  renaming  the  current 
revision.  Where more than one re 
contained  c .  a  single diskette 
revision  shall  be  copied.  Th 
facilitate  maintaining  control 
the d 1 r e c r o r v 
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Electronic Submission 

There  will  be  times  when 
expedient to electronically s 
lieu  of the mails.  This pre 
utili'z d  only  for  the  su 
workir.fc ^r advance copies and 
used   3 v   a   substitute 
s ubmi s s -'. o,,.  Advance   c cpy 
shall not occur  until  aocum 
has  been  received.  During 
one first page cf  data  must 
document   as   an   advance 
(unofficial) c o Dy  unless  sp 
approval   for   alternate 
obtai red. 

2_t will be 
ubmi t data in 
cess shall be 
brois s i c n of 
she j not be 

for formal 

trj nsmiss] on 
ent appro\ al 
tran smiss ion, 

de fine  the 
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[land 1 ing i s 

INFORMAL (ENGINEERING' SUBMISSIONS 

General Policy 

Informal data 

in  ac>:. ordance 

E n g i n e e - i n g L e 

far  ar  forma 

requirements f 
-hail  be  as 
Engineering 
submission of 
• he diskette h 
,<e fined  abov 
developed on-1 
as a telccon. 

submissions shall be handled 
with the current Customer 

11 er (C£L) policy except so 
t is concerned. The gen rai 
or handling diskette data 
described in r^bove. Systems 
is responsible for the 
such data and for performing 
andiing management functions 
e. Where- data is beirg 
ine, it will  be  documented 
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BASELINED SOFTWARE CONFIGURATION MANAGEMENT: AN AUTOMATED APPROACH 
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\ ABSTRACT 

Software intensive training equipment has become the normalcy tor current and foreseeable 
uture training equipment procurements. Software support for these software intensive devices 

is an ever increasing burden which must be undertaken by the most efficient manners possible. 
Aid for modification software support has been addressed by software tools developments that 
facilitate modifications, testing and baseline configuration management of these software 
intense devices.-^This paper addresses the phase of software support, configuration management, 
which is often neglected or given too little priority until the day of reckoning arrives; the 
software configuration loss or error. A tightly controlled software configuration of a soft- 
ware intensive device is perhaps as important as the configured software itself. Software 
configuration control is addressed in this paper as a crucial element of the life-cycle support 
effort. A configuration control methodology which maintains visibility and complete software 
modification audit capabilities is discussed. An automation of this methodology is presented 
which affords complete and accurate control for modification processing of a baselined soft- 
ware configuration. The entire automated process extends from the receipt of a modified 
sofLware^xüfl]p.ojiejijs/to the installation and tracking of a newly configured and tested software 
release .^Additionally, the capabilities for multiple device software configuration tracking 
with a centralized procedure and support environment is explained,based on actual procedures 
currently in use at the NTEC Software Support Facility (SSF) whiel is located at the NTEC 
Annex at Herndon, Otlando, Florida. 

INTRODUCTION 

The Software Support Facility (SSF) at the 
Naval T lining Equipment Center (NTEC), Orlando, 
Florida, marked a first at NTEC for providing soft- 
ware support Capability with in-house resources for 
major training devices. 0) The design concept of 
the SSF was to centralize the software support 
functions of remotely located software driven 
training equipment. Utilizing remote communica- 
tions equipment such as remote job entry (RJE) and 
time share terminals, on-site support personnel as 
well as SSF personnel could work in a combinea 
effort to accomplish software modification imple- 
mentations. Centralized software support at the 
SSF, however, has evolved from providing software 
modification suppor' to providing a concentrated 
software support resource with which any user or 
activity, regardless of location, can perform modi- 
fication support e^'orts at the software baseline 
change level. 

This service function which the :^( has under- 
taken involves primarily software modification tool 
support, software baseline configuration management 
and program processing, end a nucleus of software 
"smart" engineering sbt* to assi't any support 
user with generic trainer related software problems 
such as mati". modeling and real-time operation. 
Modification tool support involves the development 
and support of software procedures to aid in the 
change implementation processes such as remote com- 
munications procedures, test compilation procedures 
for the various supported resources within the SSF, 
baseline management support, and modification in- 
formational support. Software baseline configura- 
tion management is provided by the SSF configura- 
tion management group. This group invokes a 
software configuration management discipline while 
utilizing an  automated configuration control proce- 
dure that allows complete and accurate control for 

baseline modification processing. A strong soft- 
ware configuration management philosophy and strict 
adherence to that philosophy is required if the 
ever-increasing burden of true software baseline 
support is to be effectively addressed. 

Centralization of software support facility 
type services is a viable and efficient coffefept for 
the baseline maintenance of software intensive 
training equipment. Further centralization of con- 
figuration control/management and automated program 
processing to a single point within tne SSF envi- 
ronment ensures commonality of management, support 
procedures, and visibility among the many and 
various device software baselines which will be 
supported through the NTEC SSF services. Carried 
to this level of centralization, SSF resources and 
manpower need not be expanded in a wholesale 
fashion with each new software baseline brought 
under configuration management. 

SOFTWARE CONFIGURATION MANAGEMENT OBJECTIVES 
AT THE SSF 

The centralized software configuration manaae- 
ment procedures exist to attain a definitive set of 
objectives. These objectives apply to the manage- 
ment of all configured baselines which a^e under 
the direct control of the SSF regardless of train- 
ing system or device type and embedded computers. 
Basically, software baseline protection, mai\tain- 
ability, and development/modification visibility 
are addressed by the five established goals. 

Objective 1. 

The SSF configuration management will estab- 
lish and subsequently orotect the integrity of each 
software baseline identified for management under 
the SSF's configuration control procedures. Estab- 
lishing a software baseline for a given system or 
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device ranges in complexity from a simple audit for 
software systems developed under the guidelines of 
MIL-STD 1644A to a massive manpower conserving task 
o^ baseline recreation and verification as shown by 
the procedure in figure 1; the former case being 
that of most new procurements and the latter being 
that of older software systems, and even possibly 
newer systems where MIL-STD 1644A was not specified 
for development guidelines. Initial software base- 
line establishment is, therefore, more timely for 
MIL-STD 1644A developed software, but not im- 
possible for the remaining software systems. Base- 
line establishment encompasses not only software 
verification but also structure preparation, format 
ar.clyci s, and all necessary mananpment. database 
development and loading; in short, establishment of 
all items identified by MIL-STD 1641 appendix A. 
Protection of the established software baseline is 

given the highest priority of all management func- 
tions and objectives because of the negative rami- 
fications that are possible and probable when an 
established software baseline is not tightly con- 
trolled. Ramifications such as unauthorized 
modifications, authorized modifications to an in- 
correct baseline component, and even the loss of 
baseline components are all too possible. A 
tightly held configuration baseline affords maximum 
protection and confidence of possessing the correct 
baseline for a given system or device. Maximum 
baseline protection is accomplished by granting 
read-only access to all users while update access 
privileges are held only by the software configura- 
tion manaqement qroup. Therefore, a software base- 
line impact can only be accomplished with configur- 
ation management knowledge and approval. 
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Objective 2. 

Configuration management will provide for the 
ease and safety of implementing modifications to 
established software baselines. Ease of modifica- 
tion implementation is provided by the availability 
of software tools, utilities, and procedures used 
to edit, compile, process, etc., the baseline com- 
ponent whether it be a source/data file or documen- 
tation associated with the change implementation. 
Ease of modification is also enhanced by the 
various services provided by the configuration 
management group. Configuration identification is 
one such service. The currently configured base- 
line component is identified to ensure the modifi- 
cation is implemented on the correct component. 
Once identified, availability of that component is 
sampled. Possible, the newly identified component 
is already undergoing change. If not, this compon- 
ent ii "checked-out" or locked to the cognizant 
individual for won, much as a library book is 
"checked-out". This S2rvice prevents simultaneous 
modification efforts on the same component where 
coordination would not be a factor. If additional 
work is targeted for a locked component, coordina- 
tion among all cognizant individuals or activities 
is necessary to implement any concurrent additional 
changes. One change will not inadvertently super- 
cede the other. A safety factor for modifying the 
configuration baseline is maintained by allowing 
new or modified components into the baseline 
account only through configuration management 
services under strict control by the configuration 
management group. Once a new or modified component 
is accepted into baseline control its existence ard 
configuration impact are forever accounted for. 
Normal configuration acceptance of a component re- 
quires a documents work effort as well as an 
acceptable software design review finding. Un- 
solicited software component submissions cannot 
arbitrarily infi'trate the protected and configured 
software baseline account. 

Objective 3. 

Configuration management will establish and 
maintain configuration modification history/audit 
trails. How has the software baseline evolved from 
the original baseline establishment; or, how did it 
get here from where? The answers to this question 
are extremely helpful for maintaining full visibil- 
ity for the software maintenance life-cycle. Also, 
software system maintenance is aided by enhanced 
modification history analysis capabilities. A con- 
figuration impact or modification to the current 
baseline is implemented via r  parent/sibling 
relationship. An existing currently configured 
element, the parent, is referenced and modified to 
create a new element, the sibling, which will enter 
configuration tracking and pass through all appli- 
cable stages of st?tus accounting until it possibly 
attains the parenthood status, in which case it 
would replace the parent from which it was produced 
or seeded. In any event, a fully automated his- 
tory/ audit trail is maintained to track the evolu- 
tion jf a configured component from its earliest 
beginnings. This automated history/audit trail 
management allows the configuration management 
group to selectively report a^.d/or completely re- 
construct the executing configuration of a software 
system under automated configuration control at any 
previous pcint of its baseline history. The audit 
data retrieved in this manner would also show what, 

if any, software components were in the test phase 
at that time. The results are a full life-cycle 
visibility for a.l baselined software under auto- 
mated configuration control. 

Objective 4. 

Configuration management will provide access 
services for baseline source/data files, listings, 
and all applicable support data. All currently 
active device software configuration baselines are 
maintained in a mounted, on-line status ensuring 
ready baseline access for all cognizant modifica- 
tion/development octivities and individuals. The 
entire software souu.e/däta baseline for all 
supported software systems is available for read- 
only access to the cognizant individual maximizing 
access ease while minimizing potentials for base- 
line violations. For modification implementations 
a copy of the configured baseline component is 
easily retrieved into the implementor's work 
account where changes can be safely made. For 
software component development the implementor 
simply develops the component in the work account. 
At the comoletion of modification implementation or 
new component development the new software rompo,i- 
ent is accepted into the configured baseline 
account only by the configuration management group 
after formal acceptance criteria have been met, 
i.e., software design review and quality assurance 
approval. 

All listings such as compilation/assembly 
listings that are produced during automated con- 
figuration program processing will be cataloged and 
archived for rapid recovery upon request. Life- 
cycle support for a software baseline includes the 
efficient tracking and storage or  all supportive 
data produced during the management of that base- 
line. Therefore, all such listings and data files 
are retrievable from the configuration manaoement 
qroup upon request in a timely manner. 

Objective 5. 

Configuration management will provide maximum 
visibility for all software modification/develop- 
ment efforts managed under the automated configura- 
tion control procedures. Automate 1 configuration 
management tracks a software system baseline from 
initial baseline establishment to the currently 
configured state. Automated configuration manage- 
ment cracks and manages all modification/develop- 
ment activities applied against a supported 
configured baseline. Automated configuration 
management relates the entire software baseline 
life-cycle evolution via parent/sibling relation 
chains. These facts enable the automated configu- 
ration structure of a supported software system 
baseline to yield various, informative reports con- 
cerning any phase of any or all components of any 
era of the life-cycle of the software baseline; in 
short, complete management visibility of the ever 
changing configured software baseline. This 
visibility is available as soon as the software 
baseline transitions to automated configuration 
management and remains available for the life or 

the supported baseline. For maximum control and 
visibility software baseline development as well as 
baseline modification should be managed via the 
automated corfiguration control procedures. 
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AUTOMATED SOFTWARE CONFIGURATION ENVIRONMENT 

As software intensive devices continue to in- 
crease the training equipment 'inventory and as 
their operational locations continue to be 
scattered according to the operational needs of 
their users, the rationale for a single centralized 
software support facility becomes increasingly 
stronger. vU Centralization of software support 
does not infer locale central to all devices nor 
does it infer a large central cadre of application 
programmers and analysts to supply the software 
support activity functions for all the various 
software intensive training equipment. The mission 
of the centralized software support facility is to 
supply a central set of resources to support the 
software modification/development activities wher- 
ever and with whomever they may be located. These 
software support resources include, but are not 
limited to, all necessary hardware, software, base- 
line storage and management, procedures, and 
expertise needed to comprise an efficient and 
responsive software support facility environment 
whose prime services are centralized program pro- 
cessing and configuration management. 

Host Configuration Processor 

The strengthening rationale of centralized 
software support also applies to a centralized 
software configuration management, centralized to 
the extent of common procedures, comrncn database 
structure, consolidated baseline on-line storage, 
and a common point of contact for all modification/ 
development/configuration management users: the 
host configuration processor. The host processor 
performs a1! user communications, both remote and 
local time share and remote Job entry (RJE), auto- 
mated configuration database management, baseline 
storage and control, and automated distributed 
processing management for all supported software 
system baselines. In the automated configuration 
environment the host processor is normally the only 
external communications link with the software 
support facility services. All users interface a 
common editor for source baseline modification/ 
development, a common set of support services and 
tools, a common set of information resources, and 
most importantly a common procedural base foi all 
supported and configured software system baselines. 
Program processing and management and device depen- 
dent functions are  normally transparent to the 
software support facility user. 

Distributed Processing Network 

Figure 2 illustrates the distributed network 
through which the generic configuration processing 
system is able to com; iete the program processing 
functions. The host configuration processor is 
merely an automated manager ar.J does not perform 
any native mode device dependent program processing 
such as compilations, acsemblies, or  link edits. 
Since these functions Are  distributed among various 
satellite device dependent systems the user inter- 
face regains responsive and user friendly while tne 
contnunicat ions unencumbered satellite systems of 
the network are busily and efficiently performing 
their native mode program processing functions. 
Several program processing functions may be active 
concurrently across the bank of satellite proces- 
sors, none interfering with the others. 
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Figure 2. Distributed Configuration Manage- 
ment and Program Processing Network 

The host configuration processor manages the 
distributed processing functions by dynamically 
creating procedure or job streams that will execute 
on the target satellite processor to accomplish a 
desired program processing function. These dynamic 
job streams are composed from job stream seed 
tables which define the functions and procedures to 
be executed. Configuration items by  name and com- 
ponent which are managed within the automated con- 
figuration control database are  swapped for 
identifiable labels found within the job stream 
seed table entries. Once the procedure or job 
stream composition is complete, communication pro- 
cedures utilizing an emulation of HASP transfer the 
job stream file to the target processor for execu- 
tion. With Lhese automated procedures any target 
or device dependent computer can be supported with- 
in the configuration/program processing structure 
by simply constructing the proper job seed tables 
to accomplish the functions of program processing 
necessary for that computer. 

Since the program processing satellite compu- 
ter systems will not be performing software base- 
line management and storage, only a minimal 
operational architecture is required. Functional 
requirements include resources capable of executing 
e.  normal batch or procedure stream environment with 
remote HASP communications ability for bidirection- 
al host configuration processor file transfers. 
Additional system software support capabilities may 
be needed for operating system and software tool 
development support at the satellite processor 
level. 

Configurable Soft.ware Structure 

All device software systems that are to be 
-.onfigured and managed by the automated configura- 
tion control procedures must be structured in a 
uniform manner so as to allow a generi set of 
automated software tools and procedures to operate 
by a common set of rules. MIL-STD 1644A is a 
military standard approved for use by the Naval 
Training Equipment Certer and U  available for use 
by all Departments and Agoncies of the Department 
of Defense for trainer system software engineerinq 
requirements.(2) This standard, with its appendix 
A specifically, establishes the common set of rules 
which will enable the automated configuration con- 
trol procedures to manage the many and various 
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device software systems developed to this standard 
regardless of their origin, function, or embedded 
equipment. Appendix A defines the construction of 
the device system software so that incremental 
modifications may be readily performed and 
managed.(2) Additionally, the requirements for 
various data item deliveries are established which 
essentially make up the initial automated configu- 
ration control database load. 

Figure 3 depicts the segmented task construc- 
tion required by appendix A. Each program struc- 
ture is divided or segmented into defined computer 
ii.diiory areas called 'windows. The beginsv.r.g address 
of each window relative to the beginning of the 
entire program area is tracked within the configu- 
ration management database. The size of each 
window is selected so as to contain a logical 
module or a group of executable modules together 
with an initial spare memory area of fifty percent 
of the allocated window area.(2) This segmented 
structure allows each window area of the entire 
program to be independently modifiable via overlay- 
ing. This concept greatly enhances the incremental 
modification efforts by permitting the processing, 
i e., link editing, transmitting (RJE), etc., of 
only that part of the program which is effected by 
the increment change. Also, the modification risk 
factor is lessened by the need for only handling 
Lhat section of the program which is to be modified 
vice the usual need for handling the entire program 
for each change implementation. Once the configu- 
ration control database is loaded With the neces- 
sary data relative to a configured software 
baseline, construction of the entire program or any 
of its defined window areas as overlays ran be 
accomplished by the automated configuration program 
nrocessing system. 

Al located 
Window 
', ize 

Memory-Load Program 

Window A 

Adtiress of 
start of each 
window area 
tracked Ly CM 
database. 

Window B 

Window C 

Executable 
Code Currently 
residing in 
Wt'idow 
St ire „Memory. 
at ea.Avai.u61e 
for this Window 

Window a red js 
that area which 
is independent- 
ly modifiable 
via overlay1-. 

<i Taut Structure 

Ope rational Procedures 

An effective modification and configuration 
management function requires a defined operational 
procedure and strict adherence to that procedure. 
This papr- addresses an automated configuration 
management environment whose implementation none 
the less requires such an operational procedure. 
The SSF procedures described herein fot automated 
configuration management arc  implemented in a 
circular fashion such that the modification/con- 

figuration management procedural flow terminates at 
the step where initial luthorization for change 
implementation originates. 

A software baseline modification process 
begins when device modification management autho- 
rizes the implementation of a device modification 
which impacts the software baseline. The cognizant 
software support activity performs a preliminary 
analysis to determine the software components 
effected by name. The SSF configuration management 
group is requested to begin configuration control 
of the modification implementation. Configuration 
management identifies the currently confinyred rp- 
vision of the modules identified and reports as to 
their availability for modification. If a change 
is currently being implemented to any of the 
identified modules then the new modification to 
that module(s) must either be deferred or forwarded 
to the individual or group who has current cogni- 
zance for modification. If the modules are avail- 
able then con+'iguration management locks ehe 
modules to the requesting cognizant individual or 
group so as to prevent uncoordinated parallel modi- 
fication efforts. A new revision level for the 
modified module is also assigned at this time. The 
cognizant software support activity performs modi- 
fication design, source module change implementa- 
tion, and the preliminary documentation updates. 
Next, a software design review is held to ensure 
good software design practices *re  used, to review 
documentation updates and test procedures, to 
ensure assigned configuration data items are 
correct and to ensure that the software charge 
fully addresses the original change request. If 
the results of the software design review prove to 
be unsatisfactory then the software support 
activity continues with the implementation process 
until a successful ensign renew result is 
attained. After a successful design review, the 
SSF configuration management group accepts the new 
module(s) produced from the previous baselinec.' ver- 
sion into the configured software baseline account. 
Once configuration control has possession of the 
new .software component, the automated configuration 
management system is utilized to produce a device 
loadable software component, i.e., an overlay, 
ready for device level testing. Arrangements are 
made by the software support activity with the 
custodian o*" the particular training device which 
is used as the test bed for modification software 
tests. Before the newly created modification soft- 
ware is released from SSF configuration contrc' a 
pre-checkout status update is made to the automated 
configuration control database.  This status entry, 
described in more detail later, indicates that the 
configured modification software has been released 
for device level testing but is not part, of tht? 
current executable baseline. The modification 
software which is in overlay module form is re*dy 
for transfei to the device test site either via 
remote job entry (RJE) terminal reception or p-aun^- 
tic tape and the U.S. Postal Service. Additiona1- 
ly, detailed test procedures are  provided with the 
software release under test. At this point either 
a field engineering representative (FIR) of Nile or 
an on-site member(s) of the cogn.zant software 
support activity tests the1 modification software by 
overlaying the current executable software on the 
'raining device in a test environment. If the 
operational test fails the configuration management 
qrO'ip is notified and the configuration control 
database is updated to show that the tei? wrdifua- 
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tion software is rejected in which case the modifi- 
cation work effort would be returned to the cogni- 
zant individual or activity. When a successful 
test is pe,•formed the modification software is 
qualified for release as an official Training 
Equipment Change Directive (TE.CD). The TECD will 
be supplied by device modification management to 
the applicable device sites as a kit containing the 
pre-tested modification software, installation and 
test procedures, and all applicable documentation 
updates. Once the device site support personnel 
have installed and tested the newly released soft- 
ware, NTEC is notified via a Record of Comoletion 
form suDDlied with the kit, The S5F configuration 
management group is notified and again the config- 
uration control database is updated to show thai 
now the modification software is approved for 
training and is currently configured within the 
executable baseline. All source baseline compon- 
ents which were previously locked for change imple- 
mentation are automatically unlocked at the 
approval status update. Modification management is 
notified of the baseline update and the modifica- 
tion/configuration control operational cycle for 
that software change is complete. 

Several software modifications may be in 
various stages of this cycle simultaneously. Also, 
more than one software support a-i.ivity may be per- 
forming change implementations to the same or 
various other device software baselines. In any 
event, the same procedures and the same management 
is being performed for all active modification 
efforts. 

Software Basoline__VisjbV\jty 

Visibility of the ever changing state of a 
configured software baseline significantly aids the 
baseline software management t:sk. If the status 
of a baseline is obscure or difficult to assess no 
one benefits; not the software support activities 
and especially not device modification management. 
The automated configuration management procedures 
are  designed to allow the display of the state of 
any configured baseline on demand. The configura- 
tion history/audit trail capabilities dre  imple- 
mented via a parent/sibling approach with eight 
levels of status for the various life-cycle stages 

a configuration component may traverse. Each 
occurrence of a new status condition is recorded 
within the configuration management database along 
with the date of the occurrence. All previous 
status/date entries remain available within the 
database and are recorded in chronological order of 
occurrence. The parent/sibling relationship of the 
baseline components is maintained y a chain key 
linkage. Each component database entry as it is 
created by a baseline modification effort is 
stamped ^ith the database key of the parent compon- 
ent from which it was produced.  In turn, the 
parent component database entry heads a chain key 
linkage which points to its siblings in the 
sequence they were created. As each new sibling is 
identified its key is placed at the bottom of its 
parent's sibling chain. 

The combination of interrelationships among 
the parent/sibling chain ana the various life-cycle 
status entries for each modularized configuration 
component yield-, i capability for on-demand config- 
uration status displays and reports. Figure 4 is 
an example of a software modification status dis- 
play produced by ^.he automated configuration 
management system. The left-hand field of this 
display identifies by name and database key the 
structured window sequence of a single segmented 
task or program load. The configuration database 
entries whose keys are  referenced here contain the 
actual modular construction of each window. The 
next field labeled "Approved" represents modifica- 
tion software or overlays that have been developed, 
applied, and approved for execution in the training 
environment and are part of current baseline for 
this task. These "approved" overlays are executing 
in place of their "installed" counterparts. The 
"In Check-Out" field identifies modification soft- 
ware that has been released by the configuration 
management group for device level testing. This 
software now physically resides on the test device 
for testing only. The last field identifies modi- 
fication software that is ready for testing against 
this task but has as yet to be transferred to the 
device test site. Additional display capabilities 
show the current and previous baseline modification 
activities to any modular level. Any previous 
point in the baseline life-cycle history can be in- 
quired upon for configuration content and modifica- 
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TASK MODIFICATION *       "US 
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n iu»-e 4.    Software Modification Status I isplay 
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comprise the associated task image. 
OCN (Overlay Control Number) 

Figure 5. Tri-Level Configuration Database 
Structure 

tion status. At any point in time the current 
executing baseline is merely a request away with 
the SSF automated configuration management system. 

Automated_Software Config1;ration Management Tool 

The software configuration management system 
revolves about a single configuration control tool. 
This software tool performs the configuration and 
program processing management functions for any 
number of training device basevhei. Configuration 
management provided by this tool for the various 
supported software baseli.ies is implemented with a 
three lays! database structure shown by figure 5. 
The outer level consists of a matrix file which re- 
lates a physical device by serial number to a base- 
line configuration level. A series of matrices 
each representing a configuration year will prolif- 
erate throughout the life-cycle of the device. 
Each record entry within the matrix file defines a 
single task or load program. Multi-progrem soft- 
ware baselines have as many matrix record entries 
as the number of separate tasks. Each entry 
references the task name, task load map, and task 
configuration list database key. This database key 
is the l<:i>vj;jc from the outer data structure to the 
second level. The configuration list contains a 
sequence 01 third level data structure keys as 
shown by figure 6. Each of these third level keys 
point to a centiguration history datoset entry 
(figure 7) which reference the actual modular con- 
structs for every Usk window segment. The config- 
uration list, therefore, relates the specific 
windows ant4 window sequence which comprise the task 
associated witn the*list found in the matrix entry 
for that task reference. A status entry dataset 
which is at the same structural level as the 
history dataset contains the accumulated, chrono- 
logically ordered status entries associated with 
the life-cycle of each window/overlay component re- 
presented within the configuration history dataset. 
Fujure 8 shows the eight possible status entries 
wtvi^h a component may acquire. 

1000 1160 1211 1023 1128 1214 1112 

1241 1221 1012 1039 1126 1073 1165 

1042 1036 1226 1202 1122 1200 1056 

1043 1216 1199 1220 1031 1225 1059 
1046 

CONFIGURATION LIST C F I 0 P 1 
Tactics Ind - 

Operate Mode -- 
Matrix TO — 

OCN Structure: 
Task Ref- 

Nlt.mhpy- FiplH- 

J YYY 

This OCN sequence represents the construct cf 
TASK TKTI0P10.T1O (TI6.TSK). 
Thes ■ OCN's dre  keyed to window/overlay contents 
for this particular task configured by Matrix 10. 
These OCN's zre  'INSTALLED' (IN) for Matrix IK. 

Figure 6. Configuration List D?taset 

An active software baseline is continuously 
evolving. The automated configuration processing 
tool described here maintains the configuration 
version base on a yearly cycle. Each yearly cycle, 
the configuration year, is referenced by a separate 
matrix. The configuration cycle begins with a con- 
figuration release which provides a new set of load 
programs arid all base software (i.e., data, proce- 
dures, utilities, etc.) to each supported device as 
the installed software configuration base. During 
this year software modifications are implemented 
and approved as overlays to the installed base. 
Therefore, current executable configuration at any 
given point in time is the installed base plus any 
approved overlays. At approximately ore month 
prior to completion of the current configuration 
year, the tool invokes a pre-freeze condition where 
new modification software releases are prohibited 
to allow d full testing period for current modifi- 
cation software approved for training on the de- 
vice. Next, the tool performs configuration freeze 
which constructs new configuration lists (figure 9) 
from the combination of currently installed and 
approved window/overlays. New matrices are pro- 
duced which reference the newly created lists and 
the new task names that will be produced from these 
new lists. When the freeze process is completed a 
new installed software configuration base is ready 
for release. The next configuration year is be- 
ginning and the ratification process begins anew. 
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Window/Overlay Life Cycle Status 
Status Entry:  Matrix ID + Status 

10 PN     YRMODA 
10 UT 
1Ü CK 
20 CK 
10 AP 
20 AP 

Typical Status Sequence for a Single OCN: 
PN- ->UT-*CK->AP->IN (Matr 

S*J NURJ X-RJ ^RM 
ix 4 1)->RF (Matrix + 

PN - Creation Dending IN - Installed (Task 
UT - Untested Image) 
CK - Check-Out R? - Replaced 
AP - Approved (cemented) RM - Removed (without 
RJ - Rejected replacement) 

Fiqure 8. Window/Ove -lay Status Structure 

2) 

The software tool providing this management 
capability is table driven and automated to the 
extent of removing as many human interactions as 
possible. This results in reduced human induced 
errors and reduced operator requirements for 
trainer software configuration management. The 
tool is initiated by specifying a device identifi- 
cation file which contains the device name and 
serial number, the database descriptor module name 
which identifies v.he configuration database for 
this device and the matrix identifier of the 
current configuration installed base. Also, a 
command file or input device is cpeciued from 
which the automated tool will receive commands and 
sub-directives. These commands direct the tool to 
perform the various functions necessary to perform 
configuration and program processing management. 
However, once the functions are specified their 
execution is completely automatic. This automated 
tool allows maximum flexibility for the construc- 
tion, maintenance, and software configuration 
trdckability of one or >,iy number of training 
device baseline versions and/or revision levels. 
By simply maintaining the device identification 
tables any trainer combination or multiple simul- 
taneous combinations are possible and manageable. 

MATRIX 10 
CFAFOPIO 

MATRIX 11 
CFÄF0P11 

(1KAF0P10.TC0) (TKAF0P11.TC0) 

Installed Approved Installed 
C000 cooo 
C253 C263 
C005 C00c, 
C005 r COOG 
C1S4 C154 
C228 C228 
C239 C2S2 C252 Modification 
C236 C007 Config C007 process con- 
C219 C26B . C268 tinues from 
C237 C26C freeze C266 here. 
C183 C188 
C176 C178 
C177 C177 
Clb2 C152 
C216 C243 C?43 
C214 C214 
C240 C240 

C234 C234 
C179 Cl 79 

Figure 9. Task Ccnfiguraticn Freeze 

Software Development Environment 

The SSF service environments discussed herein 
have only addressed the modification of existing 
software baselines. A software baseline as used by 
the automated configuration management system must 
be established prior to modification support. If 
the initial baseline was actually developed using 
this system, then transition from development to 
support would become completely transparent as the 
baseline would already exist at completion of 
development. Baseline control and management would 
begin at the ^ery  onset of development. Just as 
importantly, the same visibility available during 
the maintenance phase of the software life-cycle 
woul.' also be available during the development 
phase. 

The development activity would begin with task 
or  program function definition and then proceed to 
the modular and structural definition phases. At 
this point MIL-STD 1644A requirements begin to 
effect the establishment phase of the developing 
baseline and it is at this point when the automated 
configuration management system could be imple- 
mented as an efficient and effective baseline 
management procedure for the duration of the soft- 
ware life-cycle. Tool implementation would require 
an initial configuration matrix file load. The 
configuration history dfiUset would be automatical- 
ly loaded as the window constructs are identified 
and p.rcessed. From a planned and engineered soft- 
ware system base design a configured software base- 
line would arise. 

SUMMARY 

The NTEC Software Support Facility has evolved 
into a concentrated central software support re- 
source with which any modification or development 
activity can effectively implement software base- 
Vine changes while remaining within the guidelines 
of a strong configuration management. The auto- 
,nated configuration management system at the SSF 
provides software baseline protection and control, 
ease of baseline maintenance, and full development/ 
modification visibility during the support baseline 
life-cycle. This automated and centralized envi- 
ronment permits a common contact point, a common 
set of procedures, and a single, common management 
of all supported device baselines under SSF config- 
uration management. MIL-STD 1644A is the primary 
requirement that provides a common set of rules 
enabling various established baselines from various 
origins to be managed by a single generic configur- 
ation processing system. Older device baselines 
that were not designed by the requirements of MIL- 
STD 1644A may require additional effort to modify 
tneir structure and to provide the necessary 
support data for the automated configuration 
management system. 

The combined rrtvdification management and con- 
figuration management procedures of the NTEC SSr' 
environment provide a well defined procedural base 
for software baseline change implementations. rhe 
strong software configuration philosophy maintained 
by the SSF configuration management group will help 
ensure that NTEC can meet the challenge presented 
by the increasing inventory of software intensive 
training equipment. Software li?e-cyde manage- 
ability and visibility will be greatly enhanced 
while the costs of these most desirable capabil- 
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ities are reduced. Th<> requirement of an effec- 
tive, unified management ?n(i control system for 
the compliant software Läseline, cradle to grave, 
has been identified and achieved. 
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USING SOFTWARE DEVELOPMENT FACILITIES TO IMPROVE SOFTWARE QUALITY 

S. J. TRENCANSKY, D. W. MEEHL AND H. C. ROMINE 
THE SINGER COMPANY, LINK FLIGHT SIMULATION DIVISION 

BINGHAMTON, N.Y. 

^A major problem exists in the development of current state-of-the-art 
weapons system trainers in the quality of the software provided. Since 
the software for a given trainer is typically generated on the deliver- 
able computer system for the trainer a wide variance in the tools 
available to support the design and development of the software exists 
from project to project. 

'The specification requirement of a high order language (FORTRAN) has 
led to the evolution of software development facilities at various sim- 
ulator manufacturers. While these have immediate impact in reducing 
the cost of the software produced and aid in maintaining schedule on 
the ongoing programs, their most significant impact is that the soft- 
ware delivered using them is significantly improved. 

The paper explains what was experienced when the SDF concept was appli- 
ed to some current contracts. 

INTRODUCTION \ 
The computer programs (software) developed 
for current state-of-the-art weapon system 
trainers (simulators) have been typically 
generated on the deliverable computer 
system, and thus have been subject to wide 
variance in the available software design, 
development, test and configuration con- 
trol support programs (tools) from project 
to project. 

Varying levels of available tools have 
been considered normal, especially when 
assembler languages were used on varying 
brands of computation equipment. The 
introduction of high-ordei languages 
(HOL), predominantly FORTRAN, as a speci- 
fication requirement has led to the evo- 
lution of Software Development Facilities 
(SDF). The SDF concept was dev£loped with 
three pajor objectives: 

a. Reduce the cost of the software 
produced 

b. Maintain or accelerate schedule 
performance ol on-going projects 

c. Maintain precise configuration 
cowtrol and management 

These objectives have been fully realized, 
and the bDF provides deliverable software 
of significantly improved quality. 

The Link* SDF has been designed to provide 
configurator. control and management 
(CC/K) in :- user friendly working atmo- 
sphere. Systems Engineering and software 
development personnel use conveniently 
located interactive terminals during all 
phases (design, development, test, main- 
tenance, etc.) of unclassified projects. 

*A trademark of The Singer Company 

The principal features of this interactive 
capability are: 

o   Prepare and edit source code 

o Compile and/or assemble the 
edited source code 

o Prepare and edit Math Model Test 
(MMT) inputs 

o Create a Software Change Request 
(SCR) for source code modified 
at the SDF 

2,  SDF TOOLS 

Threß basic categories ol   tools exist in 
all ilDFs (see Figure 1): 

a. Tools supplied by 
software vendors 

b. Tools developed by the software 
manufacturer specifically for 
the SDF, normally via IR&D 
programs 

c. Tools developed under contract as 
deliverable contract end items 

computer and 

Ait PHAUS or sonwAHt 
[)i VnOPMLNT.   CONTROL , 
AND MAINTENANCE 

Figure 1 
Software Development Facility Tool« 
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REQUIREMENTS 
zzzzzzza JE*^I 

o CONFIGURATION CONTROL AND MANAGEMENT 
o COST AND SCHEDULE MONITORING 

o WORD PROCESSING 

\ ^~ 
FUNCTIONAL 
DESIGN 

n AUTOMATED SEARCH FOR 
EXISTING DESIGNS,  SPEC'S, 
DATA,  DOCUMENTATION,  ETC. 

(i REQUIREMENTS TRACKING 
IOOI s 

INTERACTIVE SOURCE AND 
DATABASE DEVELOPMENT 

o EDITORS 

(i MATH MODEL TEST 

o AUTO FLOWCHART 

(.QMPU1 ER-COMPUTER TRANSEER 
DATABASE SAVE/RESTORE 
SUBROUTINE CALL TREE GENERATOR 
MULT I-SIMULATOR DEVELOPMENT IN ONE COMPUTER 
REAl TIME DFBUG 

0 1EST CASE VERIFY 
o MODULE RELINK ON DATABASE CHANGE 

RECORD/PLAYBACK LIST GENERATOR 
HIE COMPARE 
DISASSEMBLER 

Figure 2 SDF Capabilities Used During Simulator Development 

2.1  VENDOR SUPPLIED TOOLS 2.2  LINK DEVELOPED TOOLS 

The Link* SDF is equipped with a large 
number of proprietary tools supplied by 
the computer vendor such as operating 
systems, data base management systems, 
terminal systems, compilers, assemblers, 
loaders, librarians, etc. The high-order 
languages (HOL's) supported include: 
FORTRAN, COBOL, BASIC and PASCAL. In 
addition Link has purchased special pur- 
pose proprietary software for use during 
specific phases of a simulator's life 
cycle. Examples of this software include: 
a lern* design package used by visual en- 
gineering during the proposal and con- 
ceptual design phases, a microcomputer 
cross assembler and emulator, sophisti- 
cated print and plot packages, a cost and 
schedule monitoring package providing 
critical path and other automated manage- 
ment capabilities and a comprehensive 
system providing full-field search and 
selected output of cit«d data within the 
Engineering  Information  System  (EIS). 

Figure 2 shows tha traditional development 
cycle of a simulator through customer 
acceptance (verification). At each stage 
of this process, the SDF enhances our 
ability to quickly and accurately perfor* 
the indicated task. 

Extensive systems and tools have been 
developed to control and enhance every 
access to the SDF. These capabilities may 
be best understood through an explanation 
of key features: 

COMPILATION COMMANDS 

Single commands to accomplish 
the compilation, library edit, 
and production of various op- 
tional types of output, as 
discussed. Examples: ASSEMBLE, 
FORTRAN. 

MULTI-SIMULATOR SUPPORT PACKAGE 

Software that interfaces to CC/M 
managed software. It basically 
allows copies to be made from 
CC/M disks, wnile prohiniting 
unauthorized changes. The copy 
can be used to develop the 
required version, along with the 
applicable database (Symbol 
Dictionary) entries applicable 
to the specific project. 
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OPERATOR COMMAND S7URCTURE/ 
VENDOR UTILITY COMMANDS 

Tools developed to utilize 
vendor software, formalizing the 
way is to be used by each opera- 
tor. This is required to pro- 
vide consistent operation. 

EDITOR/FULL SCREEN EDITOR 

Editors are used in developing 
software, test drivers, etc. 
These tools provide flexiblity, 
via English language commands, 
while protecting all fields used 
by CC/M software. 

FILE COMPARISON 

Allows automated generation of 
the CC/M required SCR by com- 
paring configuration managed 
code to new code on a lii.e by 
line basis. The printed SCR 
conforms with the specification 
required format. 

SPECIAL UTILITIES 

Single commands to accomplish 
repetitive functions (e.g., file 
copy, list, transfer, etc.). 
A1 so provides processors to 
inspect definitions of para- 
meters and symbol edit. 

HELP 

Information capability, at the 
terminal, to aid users in proper 
SDF utilization. 

MATH MODEL TEST (MMT) 

A comprehensive software metho- 
dology that leads to consistent 
test and verification of design 
logic in a non-real-time mode of 
operation. Capable of exercis- 
ing single modules, components, 
etc., up to an entire simulator 
load Capable of accepting 
commands in either th inter- 
active or command file mode. 
Software Quality Assurance 
requirements (e.g., test cover- 
age reports, regression testing, 
etc.) are incorporated. 

PLOT PACKAGES 

Allows offline software and MMT 
to interface with various output 
devices. 

"ILE TRANSFER 

Allows multiple computers to 
transfer files, in either direc- 
tion, via RS-232 channels. 
Error checking verification is 
provided. 

3.  IMPACT OF THE SDF 

Before the SDF was developed, many tasks 
were performed on the deliverable computa- 
tion equipment in a serial manner during 
software development and test. Now these 
sam-5 tasks may be accomplished in parallel 
on the SDF. This factcr- alone allows more 
cnlme time for those tasks which cannot 
be performed at the SDF such as hardware- 
software integration. Figure 3 shows the 
serial versus para?lei work flow. 

^v PARALLEL TASKS ON THt SDT 

CTKN TXT \ \ 

\ \ \\ 

\   \   \    \ 

-*4<—*—M-*—*—*r«—^—+++—^~ 

SERIAl TASKS ON THE SIMULATOR H 
Figure 3 Serial Versus Parallel Work Flow 

3-1  LOAD GENERATION 

A simulator load may be defined as the 
complete set- of executable software and 
data bases required to simulate the real 
world device, ready for insertion into the 
computer's memory system. Prior to the 
SDF, simulation loads were normally gener- 
ated once a day. Because of the serial 
development, and limited available com- 
puter time for detailed testing, subtle 
problems existed with at least some of the 
newly incorporated softvare. Isolation 
and resolution of these problems reduced 
achievable progress m a given period of 
time. Furthermore, load generation and 
initial checkout, i.e., a cycling load, 
required an average of 2 to 3 hours. 
Figure 4 shows the process and results. 

In the SDF environment simultaneous execu- 
tion of tasks provides more time for each 
engineer to fully verify his module(s). 
Added testing, using MMT, yields software 
wmch is much more error free, thus re- 
duong the load generation and checkout 
time to an average of 20 to 30 minutes. 

Assuming one load per day, the use of a 
SDF provides an online savings of 1.67 to 
2.5 hours per day, or from bi.8 to 77.5 
hours per month ("1 days). 
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Figure 4 Comparison of Old and New Methodology On Load Generation Process 

3.2  AIRCRAFT SYSTEMS 

Aerodynamic and power plant (engine) 
simulation requires complex offline soft- 
ware to verify that the simulator design 
and implementation truly match the air- 
craft characteristics and performance as 
defined in the data available. The off- 
line software also is used to develop 
usable test criteria in accordance with 
the specification. Before SDF, an offline 
computer complex was used to perform these 
functions. However, the ever-changing 
online computer vendors soon made it 
necessary to develop two identical sets of 
aerodynamic and engine modules; one in the 
language applicable to the online computer 
and the second in the language of the 
offline computer. 

Use of the SDF allows significant savings, 
such as the following: 

o   Acutal simulation modules are 
used in the SDF. 

Savings: No duplicate modules 
written for different 
computers; no dupli- 
cate CC/M costs. 

o   Complex Test Drivers may be used 
across project boundaries. 

Savings: No duplicate modules 
or added CC/M; sophis- 
ticated drivers used 
on C-130, B-52 simula- 
tors. 

o Math Model Test (MMT) verifies 
design, implementation, inter- 
faces, modifications, etc. 

Saving: More effective than 
traditional online 
debug; shortens online 
test phase. 

o Auto-Test Guide, an online test 
tools, is fully compatible with 
MMT, allowing identical checkout 
on the simulator and in the SDF. 

Savings: Reduced online regres- 
sion testing associ- 
ated with discrepancy 
clearance. 

The SDF saved two weeks of online HS I time 
on the C-130 Program. The original HSI 
schedule provided three weeks for aero and 
engine integration, while the actual 
integration was completed in one week. 
Reason: More controllad development 
atmosphere, software quality controls, and 
in-depth testing on the SDF. 
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3.3  CONFIGURATION CONTROL AND MANAGEMENT   4.  DEPS CAPABILITIES 

The SDF incorporates many features which 
assure that CC/M is correctly accomp- 
lished. 

o Fully controlled access to all 
levels of software. 

o Added controls limit controlled 
software updates. 

o Log of all users, the functions 
performed, date, time, cjrr.puter 
resources utilized, etc. 

o Automated revision logging on 
target module and in CC/M data- 
base. 

o Automated SCR generation, log 
and reporting. 

In addition to automated capabilities, 
manual intervention features have been 
incorporated into the SDF, and are used by 
CC/M personnel on projects such as the 
B-52 WST. Example of these functions, 
relative to incorporation of a B-52 WST 
change, are: 

a. Determination of applicability, 
i.e., All B-S2s, B-52G only, 
B-52H only, etc. 

b. Determination if a basic (used 
simultaneously in more than one 
station) module. 

c. Determination if the change must 
be retrofitted to previously 
delivered simulators. 

d. Verification that all applicable 
documents have been updated and 
that copies are in the change 
package. 

e. Verification that software 
quality requirements have been 
met. 

When these actions a*e completed, the 
complete package is presented to the 
Software Change Control Board for approval 
or disapproval. Approved changes are 
logged into the CC/M system and then sent 
to the Software Controller(s) for incor- 
poration into the load. 

Historical data, current status, module 
effectivity listings, software trees and 
reports on all activities are available 
from the SDF upon request. 

Cose savings (avoidance) h^s been esti- 
mated at $20,000 per month by using the 
SDF for CC/M. This figure represents our 
estimates of additional personnel required 
in lieu of the SDF for CC/M. 

Many currevt contracts include an offline 
computer complex designed to support the 
simulator at the customer's installation. 
The similarity of mission in the SDF and 
DEPS indicates a potential for transfer of 
SDF software to the DEPS. 

5   CONCLUSIONS 

Usefulness of the SDF has been proven at 
Link. A recent U.S. Air Force simulator 
contract had a program plan, developed 
prior to the SDF, which contained a six 
month Hardware-Software Integration (HSI) 
schedule. While the contract was in 
progress the SDF became operational and 
was fully used to control, develop and 
test software. The effect of the SDF is 
shown in Figure 5. 

MON 

• MONTH SCHEDULED MSI PLRIOD 

ACTUAL HSI PLRIOD 

SAVINGS IN 
«.   HhLDULL IÜ3E    » 

Figure 5  SDF Effect Upon Major Simulator 

During the software test phase (pre-HSI) 
the SDF recorded 3400 hours of use. Since 
the types of testing being done on the SDF 
were identical to the testing normally 
done online as pre-HSI test, one may 
conclude that an hour on the SDF saved an 
houi on the simulator. Further, assuming 
that the simulator was available for test 
16 hours per day and 31 days per month, 
the 3400 hours translates to 6 months of 
simulator time. 

HSI on this simulator progressed unusually 
well with very few module interface pro- 
blems. This resulted in the HSi phase 
being completed in about one-half of the 
time originaliy scheduled. Each simulator 
manufacturer and customer can calculate 
their estimated savings when the schedule 
is reduced by 2.8 months. 
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What will the future reveal? Certainly 
more complex and difficult requirements 
and specifications, especially in the 
areas  of  verification and validation. 

Will today's SDF and tools meet future 
nee Is? Not totally, but proven SDF philo- 
s( ies, designs, procedures, tools, etc. 
v.  1 give the SDF owner a competitive edge. 
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A dynamic target simulation system design is described which uses the real world as background 
scene.  An instructor driven threat scenario is projected on a beamsplitter combiner.  A eollimating 
lens system makes the target appear as part of the real world viewed tnrough the beamsplitter.  High 
resolution target signatures are obtained by shrinking 525 raster lines down to a minimum area.  A 360 
degree visual hemisphere is provided by synchronization of gunner'; line of sight and location of the 
simulated target in space.   The gunner's line of sight is fed to the microcomputer control via an 
electromagnetic sensor.  An occupation system is provided for the target to disappear as it moves 
behind trees or mountains. Scoring capability is also provided, and events may be stored and played 
back for training/review at a later date. Since the system is portable and relatively inexpensive, it 
will readily lend itself as a visual target simulator for outdoor field training in antiarmor (e.g., 
DRAGON and TOW) end air defense weapons (e.g., STINGER and CHAPARRAL)., 

INTRODUCTION 

Field training in target acquisition currently 
requires provision of live aircraft/tanks/armored 
vehicles or live targets to represent threat scenarios. 
Considering aircraft/target availability, rising cost of 
fuel, restricted flight-pat'<s/range-ureas, high cost of 
live targets c*nd their limited performance envelopes, 
it is not surprising that most gunner training is 
currently perform d indoors using projection systems 
and domes (1) or simply a low cost arcade game in an 
air conditioned classroom (2). 

Obviously we cannot expect an indoor trained 
gunner with little or no training in adverse field con- 
ditions to confidently engage a high-value threat on 
the first attempt in an actual battlefield. To provide 
maximum operational proficiency and confidence in 
firing the actual weapon in adverse environmental 
conditions, field training is an absolute necessity (3). 

The purpose of this paper is to present a cost 
effective visual system to simulate realistic moving 
targets for outdoor gunner training. 

DESIGN CRITERIA 

The proposed concept was formulated based on the 
following criteria and guidelines recently outlined by 
several high ranking officers of military training 
commands (4). 

Commonality ot Device 

The system is designed so that it can be used in 
conjunction with several surface-to-surface or 
surface-to-air weapons.  Examples are STINGER, 
CHAPARRAL, VULCAN, DIVAD, DRAGON, TOW, 
REDEYE and almost any other weapon system that 
requires visual acquisition and tracking of moving 
targets. 

Using Actual Weapons for Training 

The rising cost of simulation, and therefore the 
need to trade-off simulators for the weapon system 
itself, has resulted in emerging preference to use, 
whenever possible, the actual weapon system with 
dummy rounds as a training device. The proposed 

visual simulator is designed so that it can be hooked up 
to the actual weapons or existing outdoor weipon 
simulators.  This allows maximum transfer of training 
to the real weapons at considerably reduced cost. 

Provisions for Crew Training 

The visual simulator is designed such that the 
system parameters may be viewed/varied not jnly by 
the gunner, but by the cr^w in which the gunner is a 
member.  In this manner, the system allows simulation 
of crew interaction, particularly among smaller units. 

Dollar Leverage 

Training exercises using Urgels are very costly 
and are also limited by the size oi range areas, 
target/aircraft availability, restricted flight paths and 
friendliness of our own aircrafts. Tne cost factor is 
especially important because long and frequent repeti- 
tion ol exercise is required to develop good operator 
proficiency. 

The proposed visual simulator presents a low cost 
alternative to simulation dome structures and their 
projection systems.  Utilizing the real world as 
background scene, there is no need to use expensive 
•-omputer image generators (C1G) to create realistic 
visual scene details.  High resolution targets are 
generated through utilization of relatively low cos: 
microprocessors, video discs and optical components. 

Consequently, it is believed that the proposed 
device offers a real dollar leverage pay off to the user 
community. 

SYSTEM DESCRIPTION 

System Overview 

Figure 1 shows a schematic diagram of the sys- 
tem. Prerecorded moving target scenarios are gener- 
ated by mircropfoCvssor-driven video discs. A position 
sensor is used to provide gun-pointing direction or the 
gunner's line of sight in pitch, roll and yaw. This 
information is synchronized with corresponding frames 
on video disc to generate appropriate visual cues. 
Frame identification numbers and Society of Motion 
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Figure 1. System Schematic 

Picture and Television Engineers (SMPTE) codes are 
used not only for proper sequencing of frames but to 
also contain target information such as range, direc- 
tion, speed and its center of gravity (CO within each 
frame. The microprocessor uses the gunner interface 
inputs, his aim point and the target information to 
generate tracking and scoring data for evaluation of 
gunner performance. 

To better illustrate the system, we describe its 
application to STINGER training.  STINGKR is «p air 
defense system capable of being shoulder fired und 
destroying high value targets ranging from hovering 
helicopters to high speed maneuvering aircraft (5). 
Presently, live lire training for SITNGER gunners is 
accomplished using the Stinger Launch Simulato- 
(STLS) against live aircraft as shown in Figure 2. The 
training ta^ks and decisions are shown in Figure 3. The 
initial tasks of scanning the sky and detecting the 
target is generally achieved by an assistant gunner who 
uses >oth eyes and points to the target as shown in 
Figure 4.  The gunner then shoulders the weapon/ 
simulator and performs the remaining tnsks using 
monocular vision. 

An artist's concept of the proposed visual system 
applied to outdoor Stinger Training is shown in Fig- 
ure 5.   Note that the gunner and his assistant share the 
hardware/software used to measure the line of sight 
coordinates and »o generate and synchronize their 
corresponding visual cues. 

Off-Line Moving Target Scene Generation 

Simulation of moving targets can be recorded 
remotely using computer graphics/animation 
techniques or by utilizing miniature models of 
potential enemy aircrafts against a plain back drop to 
generate realistic target maneuvers.   Using either 
method, a video tape of several threat sceuar.os is 
ob'ained.  For each video frame,   he coordinates of 
the target in space, its range, spc jd and the coor- 
dinates of the picture element (pixel) representing the 
CG of the target or its !R plume within the frame are 
determined.   Using either the SMPTE or Manchester 
Codes, the location, range and the CG information is 
stored w*thin each frame during tape-to-disc 
conversion. The purpose of storing this information is 
to reduce software overhead involved in scanning each 
frame when gunner's line of sight is sensed to position 
the appropriate frame against the real world.  The 
information is also used for real time generation of 
gutter's tracking data. 

Several off-the-shelf industrial video disc units 
are described in Reference 6.   Most units provide 
54,000 frames allowing up to ;<0 minutes recording of 
threat scenarios. The instructor may choose any pre- 
recorded scenario and make it visible to the trainee or 
observer through the Target Display System. To help 
the trainee find the target, an audio simulator g$.*ner- 
ates the target noise signature fro:» the direction of 
the target. 
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Figure 2. Outdoor Stinger Training Against Live Aircraft 
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Figure 3. Stinger Training Tasks and Decisions 
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Figure 4.   Crew Interaction of Stinger Trainee and Assistant dinner 
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Figure ~i. The Visual Simulation Concept applied to Outdoor Sttnper Tr«imng 
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Target Display System 

The Target Display System can be either monoc- 
ular or binocular depending on the wep x>n system and 
the training requirements established during front-end 
analysis.  A helmet mounted binocular system would be 
appropriate for Chaparral training whereas a weaoor 
mounted monocular system may be used for TOW 
training.  As for Stinger, both types can be used — a 
weapon mounted display (WMD) for the gunner, and a 
helmet mourned display (HMD) for the assistant gunner 
as shown in Figure E.  HMD and WMD have the same 
basic design.  The former uses 2 CRTs whereas the 
lattei uses only one. The microcomputer controlled 
input froi i video disc is fed to e high resolution, high 
brightness miniature CRT such as Ferranti's Microspot 
0213/117 weighing less than 3.2 oz with volume below 
4 cubic inches.  A lightweight optical system of 
mirrors, eollimating lens and beamsplitter is used to 
project the moving target to infinity so that it appears 
as part of the real world. 

A schematic of a helmet mounted target display 
system is shown in Figure 6. The parameters that 
should be considered include size, weight, exit pupil, 
eye relief, field of view (FOV), distortion, beamsplitter 

reflectivity/transmissivity, image to ghost ratio and 
several others. These parameters and their values for 
several off-the-shelf HMD's are described in 
Reference 7. 

Since the beamsplitter can have a neutral density 
coating with at least 75% transmission (=25% 
reflectivity), the brightness reduction of the external 
scene is hardly noticeable.  Assuming the optical 
elements used to project the CRT image pass about 
85% of the light, the effective transmission for the 
.noving target is therefore 21% (=.85 x .25). 
Accordingly a 5000 ft lambert brightness target will 
appear at 5000 x .21 = 1050 ft. lambert to the eye. 
This provides sufficient contrast to allow visibility 
against a 10.000 lambert sky background. 

The HMD shown in Figure 6 has the capability of 
achieving very high resolution over the fuP sphere of 
vision because the generated moving target fills only 
the instantaneous FOV of the observer. The instan- 
taneous FOV is 100° wide by 60° high.   Fach eye is 
furnished with a 60° circular by 60" vertical FOV.  The 
overlap field between the eyes is 20"-.  As for the 
WMD, the gunner's FOV is limited only by the 
structure of the weapon sight as shown in Figure 7. 
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Figure 6.  Helmet Mounted Target Display System 
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Figure 7. Stinger (Gunner's View Through the Weapon Sight 

Target Occultation 

r'igure 8 illustrates the observer's view through, 
his HMD beamsplitter.   Note that the far target is 
occulted by a mou'tain.  This dynamic concealment is 
accomplishes by the occultation unit shown in Fig- 
ure H. The three 35mm films are driven together by 
the motor-tach in response io the observers azimuth 
rotation of his head or weapon.  In this manner the 
film silhouettes are always aligned to the real world 
background.   The films are made in the laboratory to 
provide only black and white information from 
panoramic pnotographs iaken from the trainees 
station.  This assures exact correspondence between 
silhouettes and background ridges separat ng sky from 
terrain    A maximum of three ridges will he used since 
it is felt that this will provide a sufficient number of 
valleys within which enemy aircraft can approach with 
concealment.  The television camera may be made to 
"see" any of the three ridges by merely indexing the 
film drive system up or down.   Hits ridge data permits 
the occultation of the aircraft by terrain f atures so 
Ilia* flight behind mountains and reappearance is easily 
accomplished in accordance with the principles 
outlined in Reference 8. 

In operation     ic azimuth rotation of the 
observer's helmet weapon rotate* tin* film unit so tha*> 
the TV camera always "looks*5 «*l the same real world 
silhouette as the observer is vowing.   When f * "Hits to 
the aircraf« locattoit lie will see the aircafl  • *r.m his 
field of view.  This requires not only t'»e correct 
aaumuthal direetion tnit also his elevation angle of 
view and his head roll angle to present the proper 
altitude through his sight.   rhi*e angles «re generated 
by a line of sight »ensor. 

Line of Sight Sensor 

The threat scenario should be seen only when the 
observer looks in the direction of the moving target 
location,   fhis requires a high precision sensing aevice 
that continually supplies the host microcomputer with 
elevH'ion, roll and azimuth of the gunner's weapon 
and/or the observer's helmet 19). Such sensors are 
called Helmet Mounted Pick-offs (MMP).   The 
parameters that should be considered include size, 
weight, accuracy, angular coverage, freedom of move- 
ment, slew rate, update rate and the cost effective- 
ness of '.he sensor.   There are several o.f-the-shelf 
HMPs developed using mechanical, light emitting 
diodes, ultra-sonic or mfrareo-based sensing 
techniques. 

A candidate UMP for the visual simulator i> an 
electromagnetic system developed by Polnemus 
Navigation Sciences as shown in Figure ID   The 
pnneipal of operation of this device is describee in 
Reference 1U.  feasibility experiments utilizing ti»e 
Polhem-is sensor in conjunction with HMD's, have been 
conducteo by the Aerospace Medical Research Labor- 
atory at Wright Patterson AFB and the Advanced 
Simulation «. oncepts Laboratory at NTEC ill).  These 
experiments indicate that the magnetic sensor's 
attitude precision exceeds 0.023° and Us Uwoughput 
delay is around 1U milliseconds. 1'he angle outpu! ii 
UjKiated 6u times per >vCond.  Since the video stream 
runs at 30 frames per second, Hits allows over 16 
milliseconds of mirroprocevsmg time between 
eonsecutive frames. 

One advantage of the Poihemus device »s that it 
can handle two seniors simultaneously.   Applied to 
Stinger Framing, this would generate line of sight 
mforma'.ion for both Wie gunner and his assistant, thus 
allowing simulation of crew interaction wluie sharing 
the same iwrdware software configuration. 
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PROJECTED BY CRT 

REAL WORLD 

Figure 8. View Scon by Observer of Moving Target Superimposed on 
Real World Scene with Occupation 
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FOR SYSTEM 0?E RAT ION 
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FOR BACK LIGHT 

MOTO.. TACH "V**"'  . 

REVOLVER 
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OPAOUE 
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IN 3 DEPTH Pi ANt'S 3B0* ABOUT 
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Figure 9.  The Oceultation Unit 
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CONTROL 
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SENSOR RADIATOR RADIATOR TUNING UNIT 

Figure It).   Major Components of an Electromagnetic Helmet-Mounted Pick-oft 

Microcomputer System and Software Design 

The nucleus of the system consists of a lti-bit 
CPU, operating system ROMs and scratch pad KAMs. 
Four off-the-shelf microprocessor families have been 
evaluated.   These are Digital Kqutpment Corporation, 
LSI 11 23, Motorolu S8Ü0U, Intel 8086 and Zilog 8U0U. 
The Ö8ÜÜÖ family appears to be most suited for this 
application due to its short I/O interrupt kernel 
execution tine (33 ms versus 114 ms for DLC's LSI 
11/23), and its relatively fast bit set, reset test 
requiring least bytes of code. 

To maintain commonality of the device across 
several weapon systems, the operating system contains 
firmware designed to perform generic control func- 
tions >ueh as synehroni/atioi  of IIMl' sensor updates 
and moving target image selection from video disc, 
tracking and scoring algorithms, and synchronisation 
of audio and video signatures based on gunner's line of 
sight,   fccapon dependent control functions such as 
gunner's interface data are stored in a KOM for a 
particular weapon system.   Ihr ROM is interchange- 
able from one weapon to another.  In this manner, the 
bulk of system software is made independent of a 
particular weapon, thus providing the ability to 
optimally tailor the visual simulator to the 
requirements of a specific weapon system. 

Scoring Capability 

As part of the V\ Ml» module, a L*t IV t> located 
or the weapon and boresighled to the gunner's sight. 

As the gunner tracks, the instructor sees the target 
moving against the background on his CRT monitor. 
For Stinger, the gunner's direction of look, supplied by 
a weapon-mounted sensor, is mdicateu by a 15 
(relative to the real world) circular reticle.   Mis eifort 
in tracking the target becomes obvious and his 
electrically sensed trigger pull freezes ii*e circular 
reticle  and the CRT scene.   This permits seeing of 
his accuracy as well as acquisition time. 

I-or wire-guided weapon systems such as TOV\ or 
DRAGON, the gunner's aiming < rror is calculated 
every 33 milliseconds using real time HM»> input anu 
the moving target's IK pixel coordinates from each 
video frame.  The aiming error is then useo i,j the host 
microcomputer to generate guidance error commands 
and to analyze gunner's performance. 

CONCLUSION 

rhe design concepts discussed in Uus paper 
represents an effort by the training dt vice mdustrs to 
be resr?onsive to mterserviec training requirements,  in 
terms of realism, the visual system described offers 
the 3-iimensional sights and sounds of the real world. 
Heing microprocessor-based and using off-the-shel! 
equipm«;,,, tl\e « ystem LS extreme!) cost effective. 
The commonaiity of hardware component» and 
software urehitecture maWe the device applicable to 
several weapon systems. 
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THE THF.ND TOWARDS AHEA OF INTEREST IN VISUAL SIIiiJLA'l'lON TECHNOLOGY 

Dr. A. Hlchael Spooner, Head 
Advanced Simulation Concepts Laboratory 

Naval Trnfn!n~ EqulpmPnt Center 
Orlando, Florida 

ABSTRACT 

~'he challenge of providing 11 cost and training effr•ctive '-'ide field of view, high detail density 
visual c•nvlronml'llt to tht• tralnel' in a flight ,r;imulntor is betn~· answered by developmt•nts tn both the 
generatl0n and display of visual imagery. To overcome the lnefflciency and cost of filling the larze 
fit>ld of viPw "sing multiple television projectors giving butted images, various techniques are being 
dt•vdoped for concentrating high il!l3ge det;tll in an area of interest (AOI) which is usuaily of high 
resolut 'on and s..t within n larger field-of view of low r.;osolution •.. This paper reviews the advan
tages and disadvantages of the various AOI techniques including an AOI that is tracked with a target, 
trncked with head attitude, and eye tracked. Particuli>.r reference is made to recent Navy, Air Force 
and Army developmen~. 

I :->TRb~cTI ON 

Simulation of the view seen by the pilot 
through the windows of a cockpit has been one 
of the most d!ff!cult problems in simulation 
technology. For tnkeoff and landing with 
fixed wing aircraft, computer generated 
im;1gcry di splnyed on one or more cathode ray 
tub•:s, vach flttt•d with infinity image optics, 
hls reached a satisfactory stage of develop
ment and is now :1 very widely used technique. 
For air combat m<~n<'uvering (ACM), satisfactory 
r<'stllts h:lVe been achieved on a few trainers 
over a period of more than two decades by pro
jt•ctinl', ;~n Image of a target aircrilft onto the 
inside of" spht•ri<;ll Sc'rPen surrounding tl1e 
si~ulator ~cc~pit. However, the simulation of 
a wide field of view of terrain in high detail 
as ! s nt·Pdl'd in mi 1! tary si!!'ulation for low 
altitude fliicht, navigation, targ.:ot acquisi
tion, weapon delivery, threat avoidance and 
C1jnfirwd ;lrt'a rn:lneuvpring for both fixed wing 
a ir<r:lft and helicopters remains a difficult 
and t•xpens!ve problem. It is the "last 
frcnt.ier"* ir1 visu:ll simulation. 

Till' ht·st <'urn•ntlv nvallahle approach to 
provid lng the required high resolution, wide 
fll'ld of view (FOV) display is to divide the 
FO\' hctwePn .1 numh(•r of butted displays sur
round! ng thC' pll ot. Each display rt'l:]Uires Hs 
own chr~nnel of computer image generation 
(C rs... Th.2 number of displays and CIG chan
nC"l s re<]ui r0d dt•pPnds on the total displayed 
FOV required, the n·sulution required and the 
nu~bcr of picture C'lements (pixels) that can 
he d:splayed in each window. Television sys
tems with 1023 scan 1 ines are becoming more 
corr.mon (ns coll'pnred with the broadcast system 
stdndnrd of 525 lines) so that approximately 
ont> million pixPls per display are available. 
To covPr n hemisphere with imagery wlth_~esol
utlon of 2 ;1rc minutes per pixel (a typical 
rer.ui rement), approximateJ.y :!.4 displays nnd 24 
CIG c:hannds would he needed. This is not 
p~actlcable on the grounds of acquisition cost 
nlotw; the ByBtern would nlso pose problems in 

* wl th :J<'knowledg,•mPntH to J. H. llurns 
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!'etting up and maintenance which would lead to 
high running cost. These practical cor.s!dera
tlons restrict a multiple projector system .to 
fiv.e to eignt channels, each covering about 
70" and giving a resolution of 6-9 arc minutes 
per pixel. The cost o~ such <' system is still 
npprnxfmately $20M. 

As an alternative to generating and dis
playing Imagery over the full FOV required by 
the pilot for carrying out the necessary 
maneuvers, imagery can be concentrated in 
those directions that are most useful t'l him, 
resulting in significant cost savings in both 
imilge gr•neration and display hardware. This 
gc>ncral concept is almout as old as visual 
simulation itself (one example being in ACH 
simulation as already described) but it can he 
implemented in many different ways and nFw ap
proar.hes are being developed. It is time that 
tlH•re different approaches were compared and 
their limitations and advantages discussed. 
In the rest of this paper, any display in 
which at least part of the FOV is not fixed in 
direction relative to the aircraft windows 
wl 11 he referred to as an area of interest 
(AOI) display. 

TYPES OF AOI DISPLAY 

The movement of the FOV with respect to 
the aircraft windows to create an AOI display 
can be controlled in various ways. The FOV 
may move with or track: 

a displayed tarr,et 
the pilot's head 
the pilot's eyes 
a combination of the above. 

Most of the sybtems have two fields of 
view, one set inside the other. To provide n 
common terminology, the lnrger FOV will bl' 
called the main FOV and the smaller the inset 
FOV. 

.Target Tracked Displays: Air-to-Air 

In a tar!let tracktd system, the tnset · FOV ·· 
iH placed dynnmic.,lly within the main FOV nc-

£. ,~, .. T 
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cording to the computed position of the target 

with respect to the pilot's own aircraft. 

Most applications to date have been of the 
type described for ACM and gunnery where the 

target is another aircraft displayed on the 
inside of a spherical screen in high detail 

over an inset FOV of about 15", using a servo 

directed television projector. The main FOV 
is provided typically by a wide angle gimba.ed 

shadowgraph projector giving a low resolution, 

dim image of the horizon, sky and a suggestion 
of the terrain so that attitude (but not 

translation) cues are available. 

The target aircraft image is superimposed 

on the sky background and always appears 
brighter than the sky; this is not usually in 

accordance with the real world, but is gen- 
erally considered acceptable. Such a system 

is efficient in that high detail in the main 
FOV is not needed and is not provided. Im- 

proved aerodynamic simulation has led to sev- 

eral systems of this type being brought into 
use recently, to give effective training in 
high altitude ACM. 

image during all maneuver.1:, whereas air tar- 

gets do not have a visual reference and small 

positioning errors are not seen. Second, the 

distortion of the image constituting the main 

FOV must he minimized so that when the inset 
takes up its correct position, the background 

imagery is also correct. Third, the node of 
insetting needs consideration because st'aight- 

forward superimposition (as for air/air sys- 

tems) may not be fully acceptable and it nu»y 

be necessary to "cut a hole" *n the background 

image to make way for the inset. These re- 
quirements are considered further in a later 

sect ion. 

Head and Eye Tracked Displays 

Before discussing specific head and eye 
tracked systems, some background will be given 
on the relevant human characteristics. 
Figure lO) shows the visual field available 

for a given head pointing direction: binocu- 
lar vision extends horizontally to + 70° and 
vertically to + 50°, - 70°; monocular vision 

adds another 30° horizontallv each 

In the Navy, systems of this type include 

Device 2F6, the Air Combat Maneuvering trainer 
for the F-4 and F-14 and Device 2F112, two 

F-14 Weapon System Trainers (VST). The AOl 
image is generated using a television camera 

viewing a plane model mounted on gimbals. 

The Navy's Visual Technology Research Sim- 

ulator (VTRS) has demonstrated the feasibility 
of applying CIG to an AOI display coupled with 
a background display on a spherical screen for 

military applications. Military tasks which 
have been demonstrated includ carrier land- 

ing, formation and tactical .-rmation flight, 
gunnery, air-to-ground weapon delivery and 

hostile environment maneuvering. Trainers in 
develr nt which will apply this visual tech- 

nology ncept include the Navy's F-18 Weapon 
Tactics Trainer (WTT) and the Marine Corps 
AV-8B WTT. Examples of other target tracked 

displays Include an early Air Force low cost 

formation flight trainer, which presented a 
90" FOV of another aircraft, and the Northrop 
LASWAVS which presents a 60° FOV from a tele- 
vision camera viewing a modelboard. 

Target Tracked Displays:  Air-to-Cround 

Where a target tracked inset is set a- 

gainst a main FOV the requirements are not 
particularly stringent, as long as the main 

FOV is relatively featureless, such as sky (in 

the case of a target aircraft), or sea (in the 
case of carrier landing). However, where air- 
to-ground tasks must be simulated, the ground 

target area, including the terrain immediately 
surrounding the target itself, is displayed as 

ar. inset at higher resolution than the main 

FOV (using either tnodelboard/television camera 

or CIC image generators), and the system re- 
quirements become more stringent in ihree re- 

spects. First, the computation and inset pro- 
jector servo requirements are more exacting as 

the inset image has to register with the main 

FIGURE 1 - MONOCULAR AND BINOCULAR VISUAL FIELDS 

side. Figure 2^2) gives the distribution of 

visual acuity across the retina, from which it 

can be seen that for an eye fixated on the 
center of a 40° diameter spot (and resolving 1 

arc minute at the center), the resolution at 
the edges of the spot will be onlv about 10 
arc minutes. Figure 3(3) js a collation of 

date from several sources on the range and 

velocity of head and eye movements encountered 
for various tasks* From the information in 

the three figures, it is possible to postulate 

various displa" systems that take advantage of 
human head and eye characteristics for various 

maneuvers. 
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!lt•:ld Tracked D.!splays 

Ctl!l,;!d,•r f!t'Hl :t Hystem with head trncking 
only, J.e., the displnyed imnge is moved so as 
to keep its centroid .1lways in line with the 
lw:1d pointing direction hy monitoring the head 
ntr!tudc continuously with a head tracker and 
commanding the CIG image genl'rator to C0mpute 
its image ;;ith the apprQpriate viewing direc
tion. \-lith th<• l'yes pointing straight ahead, 
a displayed FO\' of 140° horizontally and 120° 
vertically would provide all necessary visual 
cues o:>xccpt for the peripheral monocular parts 
of the FOV. Deflection of the eyes by 20° 
(~1orc than 20° only occurs 4% of the til'le) 
;,dds to these figures to give 180° horizontal
ly :l:cd l(,Qo vertically. So it may be said 
that if hc:1d tracking !s ndoptcd, there 1!> no 
polnt in exceeding an FOV of 180° x 160°. 

Actual figures for specific systems will, 
of course, depend on the training task and the 
cost effectiveness of providing as large an 
FOV as this. A head tracked display without 
nny 1 !m! tAtion in following head pointing dir
ection, hut with a "mn11 FOV of say 50° hori
zontally (a single fixed display of 50" hori
zontally by 36° vertically ha~ been used for-·
many years by the airlines for landing and 
takeoff) will enable some maneuvers to be car
ried out normally. For other maneuvers (sec 
"Intense VIsual Search" in Figure 3), an un
natural amount of hcHd movement will be re
quired !lnd It may not he possible to car"y out 
the task correctly. In any event, from some 
c xpcri n.en tal work carried out at NAVTRAEQUIP
CEN, u small head tracked FOV is made much 
more acceptable if the edges are softened, 
J .c., blPnded to black. Blending to miderey 
is cvc>n better .in rcmovit'g the obtrusiveneos 
of the edges of the FOV. 
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A very important consideration with hesd 
tracked displays is the CIG throughput delay. 
Assuming the head tracker response time is 
negligible, a change in head attitude will 
cause a demand for a new view and it is essen
tial that the image presented to the pilot 
should not move in its apparent direction in 
space during this period, causing unnatural 
"swimming" of the image. Once the new image 
h11s been computed, it must be displllyed in the 
correct direction. If the head tracked FOV is 
obtained from a television projector mounted 
in a fixed relationship to the cockpit struc
ture, the displayed format direction may lag 
the head direction, but displayed objects must 
remain fixed in relation to the scr .. en. For 
systems in which the display, such as one us
ing cathode ray tubes, is mounted on the head, 
the diHplayed format movE's with the head but 
compensation of image position is reqOJired to 
a void "swimming." This point wi 11 be elabor
ated later when different systems under devel
opment are reviewed. 

One interesting possibility with head 
trac~ed displays, if head position in relation 
to the cockpit is tracked as well as head at
titude, is to obtain some of the effects of a 
collimated display in those systems where the 
image is viewed on a screen. Movements of the 
hend orr measured and fed to the CIG image 
generator to give a corresponding change in 
the computed viewpoint. The effect, parti
cularly for sideways mov~ments of the head, is 
that the objects viewed stay fixed in space 
with head movement, and this is a strong cue 
to the distance of objects. The results are 
similar to what is obtained with a collimated 
display. CIG throughput delay may be a prob
lem with rapid head movements. 

Eye Track€~ Displays 

Let us now turn to the consideration of 
eye-tracked displays in which the eye pointing 
din>ction of the pilot is monitored continu
ouslv and the CIG generates the visual infor
mation such that it is always concentrated in 
the eye pointing direction. From Figure 2, if 
a single field of view display were to be pre
sented to the pilot in which the resolution 
decreased smoothly away from the center of 
vision, the central resolution would be avail
able in all directions in which he could look, 
but the total amount of information required 
to be displayed would- be very greatly de
creased as compared with a system having 
everywhere a resolution equal to the central 
resolution. Smoothly varyin~ resolution is 
difficult to implement but an approximation to 
the curve of Figure 2 can be made by having a 
high resolution inset FOV to provide for fo
veal vision inside a main FOV of lower resolu
tion, with the main FOV image removed over the 
area of the inset. 

In this context, it is necessary to dis
tinguish between resolution and detni 1, where 
detail may be defined as density of CIG edges 
or average number of edgea per unit solid 

GEST AVAILI-.BLE COPY 



looo -r 

-MAXIMUM HEAD 
VELOCITY LOCUS 

■INTENSf 
VISUAL St      ~H 

•AIR COMBAT 

AIR TO GROUND 
OPERATIONS 

TERRAIN FLIGHT 

HOVER, STATION-KEEPING 

±10 ±100 
RANGE (DEGREES) 

FIGURE 3.  RANGE AND VELOCITY OF HEAD AND EVE MOVEMENTS 

208 

'-^•i •'-•' >ariihtirr")tr-;"  ■'■'•'■—-in ■   - - — J—   .*:* ^.  ~—W  MUM 



angle of view. CIG data bases are modelled 

with a number of levels of detail, e.g., a 

house at the lowest level of detail is just a 
block (sufficiently detailed at a large range) 

but at a higher level it ha; doors and windows 
(necessary for close ran-.e). Ar. inset may 

have either higher resolution or higher level 
of detail (LOD) than the main FOV, or both. 
For eye tracked systems, high resolution in 

the inset is necessary and it is uneconomic to 

provide it in the main FOV also where the eye 
cannot resolve it. Since the inset occupies 
only a small FOV, the edge density can be much 

higher than in the main FOV, although the in- 
set CIG channel does not display more edges 

than the main FOV. This higher edge density 

require;; a higher LOD from the data base and a 
higher display resolution. Thus, we arrive at 
a preferred system in which the inset has both 
higher resolution and higher LOD. 

An important consideration in eye tracked 

systems is the boundary between the inset and 

the main FOV. A sharp edge is highly undesir- 
able and a blend between the two over part of 

the inset area is necessary to avoid visibili- 
ty of the boundary. 

Another important consideration, as for 
head tracked displays, is the throughput delay 

of the CIG image generator. When the eye com- 
mences o rapid movement from one fixation dir- 

ection to another, i.e., it commences a ,,ac- 

cade, the eye tracker commands the CIG to 

generate a view appropriate to the new viewing 

direction. The time taken by the CIG to do 
this is i.round 80 msec and the system must be 

such tha : the inset is not visible until the 
image correct for the new direction is avail- 

able. This means that the eve, if it moves 
fast enough, will be looking at part of the 
low resolution main FOV for some milliseconds 
before the high resolution of the inset ap- 

pears. At NAVTRAEQUIPCEN, it was considered 
necessary to carry out an experiment to obtain 

some practical data on acceptable CIG time de- 
lay. Other factors, referred to above, which 
needed evaluation were the acceptable size for 

the inset and the width of the blend region in 
an eye tracked display. 

Experiments were performed at NAVTRAEOl'lP- 
CFN^^ in which images wen* projected from a 

special slide projector to cover a spherically 
shaped screen surrounding the subject. A var- 

iable resolution mask, overlaying the slide, 
modified the imagt such that it had a central 
high resolution area surrounded by a low re- 

solution area with a blend region between 

them. An eve tracker, using infrared light, 
measured the azimuthal pointing direction oi 

one of the subject's eyes and drove a rapid 

servomotor attached to tie mask. The subject, 
therefore, saw a high detail image in the cen- 

ter of his vision at all times. A variable 
time delay could He inserted between the eye 

tracker and the servo. 

Various «<isks were wu'd having different 
widths of blend region; a very small or non- 

existent blend region was found to be highly 

objectionable and distracting to most observ- 

ers. The experiments Indicated that an inset 

width of 25° within which there is a 5° wide 
smoothly varying transition region combined 

with a delay of 80 msec and an eye tracker ac- 
curacy of + 2.5° would cause noticeable, but 

not objectionable, perception of the borders 
of the inset. 

This experiment does not provide exact 
simulation of the appearance of a working eye- 
tracked visual simulation display, although it 
gives useful guidelines on the design of such 

a system. In particular, it does not simulate 

the appearance of the different levels of de- 
tail of a CIG system; this will be discussed 
in a later section of this paper. 

AOl DISPLAYS IN DEVELOPMENT 

To advance Lhe consideration of ACT dis- 
plays, it is necessary to refer to systems 
currently in development. Table I lists the 

various Government funded systems. Systems 1 
and 2 have a target tracked inset FOV in a 

fixed main FOV for air-to-ground use; System 3 
has a single head tracked FOV; System U has a 

head tracked main FOV with a head tracked in- 
set; System 5 has a fixed main FOV with an eye 

tracked inset; and System 6 has a head tracked 

main FOV with at; eye tracked inset. In refer- 

ring to Table I and the following description, 

it has to be realized that these systems are 

in various stages oi development and the per- 
formance data given are target figures for 
feasibility models only. Not all these sys- 
tems will be developed to procurement of a 

full' engineered prototype, but a comparison 

of them in terms of fundamental advantages and 
limitations will be valuable In understanding 
the potential gains with AOl displays. All 
use displays with 102 3 TV line capability. 

System 1 in Table 1 refers to experiment il 
work with VTRS at NAVTRAEOl'IPCEN. The main 

FOV provides a low detail view of terrain from 
the background projector while the target pro- 

jector provides an inset FOV of the target 
area with higher resolution. (Higher LOD for 
the inset FOV is in the process of being im- 

plemented.) The inset can show a group ot 

;, it ldings and part oi a road or a group oi 
ta..ks. Various maneuvers can be carried out, 

including strafing the target, without losing 
registration between the low and high resolu- 

t i on images. 

To achieve this degree of dynamic regis- 

tration, the servo response ol the target pro- 

jector had to be optimized. Its pointing ac- 
curacy was + 1 arc minute under static condi- 
tions and 1  at ^0 7 sec. 

Another essential factor, permitting reg- 
istration of the inset image with the main 

image, is correction ol the d'stortion of the 
main image on the spherical screen. This dfs- 
tortion arises due to noneoincidenee of I be 

pilot's eyes and the projector exit pupil, the 
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display optics and oth?r factors. The correc- 
tion is done in the CIG image generator'-*) 

by breaking up long CIG edges into shorter 

edges and repositioning the vertices to map 
the cene onto the screen such that the dis- 

tortion is less than 0.1% from the pilot's eye 
position. For the inset, the smaller FOV 

makes distortion correction less critical, but 
this is being implemented. 

The method of adding '•he Inset to the main 

FOV is simply to overlay >>e inset image on 

the background image, as for i! => target plane 
in air-to-air simulators. This m._,r>s that the 
inset has to be brighter than the ujekground 

and in fact appears is a fairly well defined 
bright disc. Thor» is, therefore, no question 

of the pilot having to search for the target 
as in the real world; not only is it rmoered 

in higher detail, but it is also brighter. 
However, or.ce the pilot has acquired the tar- 

get, the maneuvers he carries out should not 

be affected by its somewhat artificial appear- 
ance. Experimental work with pilots using the 

technique described will take place nex year 

at VTRf. 

System 2 in Table I is the High Resolution 
Area (HRA) Dual Projector Display system*^ 

tunded by the Army (Project Manager, Training 
Devices) and procured by the Human Resources 

Laboratory at Williams AFB. The Advanced Sim- 

ulator for Pilot Training (ASPT) at Williams 

AFB has a visual system consisting of seven 

"acets of a dodecahedron structure to provide 
a wide FOV display. Each facet contains a 

Farrand Pancake Window optical system and 

utilizes a large 3fr inch diameter cathode ray 

tube as a display source. The optical ele- 

ments of the Pancake Window produce an image 

of the CRT face at infinity. 

The Dual Projector Display is an experi- 

mental replacement of the CRT by two 1023 line 

color television light valve projectors fitted 
with optics to project images onto a back pro- 
jector screen of the size and shape of the CRT 

faceplate. One projector provides the main 
(70°) FOV covering the whole screen and the 

other, together with a servo driven mirror, 

gives an approximately 10° inset of high reso- 

lution. An Important feature of this experi- 

mental system is the capability of (a) demon- 

strating the removal of the main image over 
the area of the inset (thus "cutting a hole" 

to leave room for the inset) and (b) demon- 
strating the effect of various blending func- 
tions for the region around the Inset. This» 

Is a further development beyond simply super- 

imposing the inset as has been demonstrated on 
VTRS. 

The system had reached a certain stage of 
developrent in January 19J2, and the Inset 

could be moved around within the main FOV. A 

band of blending between the inset and the 
main FOV was generated by varying the gain of 
the video signals from the two projectors in a 

complementary manner, using eight step« of 
gain.  This demonstration showed that more 

steps, or a smooth gain change, would be nec- 

essary to avoid high visibility in the blend 
region and also shewed the sensitivity o.i the 

system to misalignment between inset aid main 
FOV and to the variation of color which occurs 

across a light valve display (causing color 
mismatch for souie positions of the inset). 

The experiment was valuable in Its impact on 
future AOI systems. 

System 3 of Table I is the Visually Cou- 

pled Airborne System Simulator (VCASS) which 

has been the subject of research by the Air 

Force Aerospace Medical Research Laboratory 
(AMRL) for many years. The primary purpose 

for its development is for aircraft display 

hardware and crew station configuration devel- 
opment. However, VCASS represents one of the 

important alternatives in the range of possi- 

ble techniques for providing a pilot in a sim- 
ulator with a view in any direction and so 

must be included here. 

The principle of VCASS, as used for simu- 

lation, is to mount on the pilot's helmet two 

small CRT; en which CIG imagery representing 
the real world is displayed, am, to present 
this imagery to the pilot using a miniature 
Farrand .'ancake Window for each eye. Fach 

Pancake Window presents an image of the cor- 

responding CRT face at infii.ity over an FOV of 
80° horizonta1ly by 60° vertically. These 

fields can be overlapped to give a total hori- 

zontal FOV of between 140° and 100° (with cor- 

re^po-.-iing horizontal overlap of between 20° 
ano o.'°). The system is head tricked, i.e., 

it uses a Polhemus Head Attitude Sensor, which 
uses a fixed magnetic field radiator, detected 

by a sensor on the pilot's helmet, to generate 
data representing the roll, pitch and yaw dir- 

ections and tr-mslat ional position of the 
pilot's head. The CIG image generator is con- 

trolled by this data to produce the appro- 
priate view for the instantaneous head atti- 

tude so that correct imagery is available at 

all times. To avoid the imagery representing 
the outside world appearing not only through 

the windows, but also superimposec on the in- 
strument panel, a CIG model of the aircraft 

windows can be mapped into the viewing plane 

(the CRT faces) and used to blank out the 
image except where It occupies the window 

area, for the pilot's Instantaneous head po*i- 

tIon and attitude. 

The Pancak/ Windows have approximately 7X 
transmission for the direct view of the inter- 
ior of the cockpit over a somewhat smaller FOV 
than the display. The CIG system currently in 

use is calligraphic. 

As noted earlier, a head mounted AOI dis- 

play has the characteristic that the slight-st 

att'tude change of the pilot's head immediate- 

ly jives & corresponding change in the direc- 

tion in «pace in which the imagery is seen. 

The CIG responds to the head tracker in com- 
puting the new view, but there is a momentary 

ait;«1 ignm*».^. cue to the throughput delay. Re- 

fotriifti '•  he head velocity figures in Figure 
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3 and ignoring the highest velocities since 

vision deteriorates beyond about >C°/sec, a 

minimum figure of 30°/sec may be tak?n. For a 

throughpu* delay of 80 msec, the corresponding 
momentary angular error in the display is 2.4 

degrees. Experimental work at NAVTRAEQUIPCEN 

(to be described under System 6 of Table I) 

has shown that the subjective effect of the 

resultant swimming of the image in a head 
mounted CRT display is disturbing and some 

form of correction should be applied. It is 
understood that Improved head attitude sensing 
algorithms may be developed later for VCASS 

and no doubt this problem would be addressed 
at that time. 

The concept of presenting an image separ- 
ately to each eye In a helmet mounted config- 

uration has important consequences. First of 
all, it makes possible a two-pilot system in 

which each of ti.o p.lots can be given his own 
independent view of the world (requiring a 

fair amount of duplication in the image gener- 
ator). Second, ir makes stereo viewing possi- 

ble, which is being investigated on VCASS. 

However, a nrice must be paid in terms of com- 

plication: two CRTs and two sets of viewing 
optics are needed and this increases the 

weight. Furthermore, fairly exacting adjust- 
ments are needed to set up the display for any 

given pilot, in terms of interpupilary dis- 

tance, shape of the pilot's head, etc. The 

concept is being further evolved and miniature 

color CRTs may be developed and a raster scan 
CIG may be used l<iter to provide the imagery. 

The VCASS system does not have -» high res- 

olution inset FOV; this is precluded by the 
resolution that can be obtained from a minia- 
ture CRT. An Inset FOV is provided in the 

second Air Force system, described below, at 
the expense of greater complexity. 

System 4, the Combat Mission Trainer (CMT) 

is being developed for the Human Resources 
Laboratory at Williams AFB by CAE of Canada. 
The display optics are the same as for the 

AMRL system (miniature Pancake Windows) but 
four light valve television projectors are 
used instead of helmet mounted CRTs, the 

images being relayed to the helmet through 

coherent fiber optic guides. Two projectors 
provide the main FOVs for the two eyes and a 

further pair, each with its own f'ber optic 

guide, provides a slewable inset rOV to each 

eye. 

The potential performance of this system 

compared with VCASS is greater, in that the 

high resolution inset (at present head 

tracked, but possibly, in the future, eye 

tracked) extends the possible range of use. 
Whether the performance can be realized de- 
pends on some difficult optical design prob- 

lems. "Hie problems center on the fiber optic 

guides and associated optics to couple them to 
the projectors; it is difficult to nuike coher- 

ent fiber optic guides of several million in- 
dividual fibers without some broken fibers, 
giving  lack spots on the display, and such 

guides are fairly inflexible. By contrast, 

the VCASS system has only lightweight flexible 

cables connected to the helmet. The CMT has 

the same capability for two-pilot display and 

for stereo viewing. Color is, of course, 

readily available by using color projectors. 
Other comments made about the VCASS System are 

applicable on the problem of CIG throughput 
delay, the need to blank out imagery falling 

on the inside of the cockpit and the advan- 
tages and problems of presenting Images separ- 

ately to each eye. 

System 5 of Table I is the Eye-slaved Dis- 
play Integration and Test (EDIT) system.^) 

The original concept was proposed and partial- 
ly implemented by Singer Link for the Air 

Force Aeronautical Systems Division, Deputy 
for Simulators (ASD/YW), Project 2360, which 

included an advanced visual system for A-10 
and F-16 training. The project was termin- 

ated, but some hardware and software became 
available for experimental use and further 

work is in progress by Singer Link, funded 
jointly by ASD/YW and NAVTRAEQUIPCEN, to com- 

plete the key components of the system and 

then integrate them with VTRS for test and 

evaluation. The data shown in Table I relates 
to this work and not to the original 2360 spe- 

cification. 

The concept calls for a fixed main FOV 
from one light valve projector (in a simulator 

for training the main FOV could be made to 
cover as large an FOV as desired by using sev- 
eral projectors) together with a "foveal pro- 

jector" capable of rapid slewing in accordance 

with output data from an eye tracker and pro- 
viding a small, eyetracked inset ?0\. The 

foveal projector is mounted rigidly in rela- 

tion to the cockpit structure in contrast to 
the helmet mounted arrangement for providing 
the inset FOV with System 4 (CMT). 

This has several consequences. First, 
movement of the pilot's head does not automa- 

tically cause movement of the projected inset 
image with relation to the screen as is the 

case where the display is actually mounted on 
the helmet. The movement of the inset is con- 

trolled by the head t"a>-ker measuring head at- 
titude change with respect to the cockpit and 

the eve tracker measuring eye attitude change 
with respect to the head, the two streams of 

data being combined to command the foveal pro- 

jector servos to take up the new pointing dir- 

ection. There is, therefore, no need to com- 
pensate for CIG throughput delay as far as 

head attitude is concerned. Second, the servo 
response mast be extremely rapid to come near 

to matching eye movement rates (see Figure 

3). Third, because the pilot's head and the 
foveal projector exit pupM ar? considerably 

separated, distortion of the inset image oc- 
curs and varies with position in the main FOV, 

which must *>e compensated, and the throw dis- 
tance varies requiring servo control of the 

projector lens focus. 
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Finnlly, to add the inset to the main 
imnge, n hole is cut electronically in the 
mnin Jmnge nnd due to the variation of distor
tion with position,· the hole shape has to be 
dynamically V<Jried. A smooth blend is pro
vided around the inset. Some indication has 
already been given of the possible problem in 
p~cscnting the new inset imag~ following a 
snccade, due to CIG throughput delay. Experi
n~nts carried out by Singer Link indicate that 
the phenomenon known as saccadic suppression, 
which causes the eye to be insensitive for 
some tens of milliseconds following a saccade, 
will nl!ow time for the new image to be gener
a ted. 

The EDIT project is a very interesting one 
as it ni::1s at the greatest efficiency in gen
erating and displaying imagery by employing 
eve trncking. Integration of the system into 
VTRS followt>d hy pilot testing is at present 
plnnned to commence early in 1984. 

Tlw final svstem listed in Table I, Sys
tcr~ 6, L:1scr l!elrnet Nounted Oisplay(8,9), 
~ws been developed at NAVTRAEQUIPCEN and a 
complete system is now being procured. Both 
\Jnad and eye tracking are used, the inset FOV 
h•lng fixed in the center of the main FOV and 
tlw ':csultiq; combined FOV directed to follow 
the e/c' direction in spac('. ThE' source of 
light to g(•nernte the image is a laser system 
,';iving ret.!, green and blue primary colors and 
the displ:1y is viewed on a retroreflective 
:<phericcll screen. The light is modulnted by 
the' vidc:o signals from the CIG 3nd scanned in 
:1 ll ne by· a rol'lting minor polygon. Three 
fr:1me scanners are m<)unted on the helmet, on.; 
for the m;tin FOV, on•' for the inset, and one 
1 or of!.sets in the 1f,;e scan direction, each 
gi.ving a 1023 line wst~r. Fiber optic rib
hans are used to transmit the light to the 
helmet; these are light and flexible compared 
1..-ith the full frame fiber optic guides re
quired for System 4 (CMT). 

The use of laser light, scanned opto
mcchanically, has interesting imrlications. A 
system of this kind, unlike a light valve pro
jector, can exhibit nbsolute uniformity in the~·

:ntensity of the projected beam over the FOV 
and there do not appear to be any serious 
problems in mntching the color and luminance 
of the inset image to the mnin FOV image. 

To prove the concept as far as possible 
prior to procurement, a mockup was built omit
ting the eye tracked inset and using a 1023 
1 ine CIG signal, to give a head tracked FOV of 
npproxirnntely 25° on a 3 ft. radius spherical 
retroreflecting screen. Compensation for 
throughput delny wns demonstrated, using the 
VTRS CIG image generator, by momentary deflec
tion of the roster using offset signals to the 
line ond frnme scanners computed from the dif
ference between current head attitude in pitch 
nnd y3w EJnd the pitch and yaw attitudes used 
by the CIG to compute the current FJCene. The 
results of the experiment gave confidence that 
n helmet mounted loser display wns feasible; 
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in particular, CIC throughput delay was suc
cessfully compensated giving stable imagery. 
The fiber optic ribbons of 1000 fibers, made 
to NAVTRAEQUIPCEN speciJ.!cntion, have not. yet 
been satisfactory as to the presence of broken 
or distorted fibers. A ribbon is, however, 
much easier to make than a full frame guide. 

As far as the eye tracked inset is con
cerned, the work previously discussed(4) 
gave confidence that, given quick res?onse 
from the eye tracker, an acceptable result 
would be obtained. The NAVTRAEQUIPCEN laser 
I!ND Hystem is about to be procured. The plan 
calls for integration with VTRS commencing 
part way through FY 85 followed by human fac
tor!! evaluation during FY 86. 

AOI Blending and "Popping" 

Be fore at tempting to sum up as to the ad
vantages and disadvantages of the various AOI 
systems, the question of how well the inset 
merges with the main FOV for the systems that 
have an inset should be discussed. First, 
therP. ic the question of whether the inset is 
simply ;.;u:>erimposed on the main FOV image or a 
hole is cut in the main FOV i~age and the in
set inserted. Experimental evidence to date 
favors cutting the hole and inserting the in
set provided a blend region giving a smooth 
change between the two regions is used. How
ever, this has not yet been implemented in a 
working prototype, and an optimum ratio of 
width of blend region to inset width needs ud
ditional experimentation. 

Secondly, there is the question of "pop
ping." As observed previously, an inset FOV 
has not only a higher resolution, but also 
should use a higher level of detail (LOD) from 
the CIG data base than does the main FOV, so 
that, for example, a runway may be featureless 
at the low LOD, but have stripes at the higher 
L(JD, :::n CIG as nonnally implemented, a higher 
LOO is brought in as the range decreases and 
this can be done slowly so that, for example, 
the runway stripe~ gradually fade in on top of 
the previously blank runway, If the stripes 
occur in an AOI, but not in the main FOV, 
movement of the AOI may cause them to appear 
suddenly, and this has been referred to as 
popping. 

For 11 ta rgct tracked system with a fixed 
ground ta •get, popping cannot occur, although 
the appearance may be somewhat unrealistic 
owing to the target area standing out in high
er resolution. For a target tracked system 
with a moving target, a fast target can cause 
popping, to a degree dependent on the data 
base. 

Eye tracked systems, in which the inset 
moves wi. thin the main FOV, can exhibit pappi ng 
also but the eye can n£lVer, by definition, 
look directly at the blend region and the eye 
is op1!r11ting at lower resolution at the edge 
of the inset. With head tracked systems, in 
which an inset iB fixed at the center of the 



FOV, thC' C>Yt! can look directly at the blend
rt'gion. 

ThC> popping quest ion hns been considered 
sufficiently .importnnt at t\TEC to ,lead to a 
dt•cis!on to carry out some basic experiments 
slmulat lng CTG ohjl~Cts hy sinusoidal bar pnt
tt•rns of v.1rylng sp~tia1 frequency and ampli
tude. It is hoped that this work, to be o:~c
compllshed during FY 83, will quantify the 
problem o:~nd provide guidelines to CIG model
lers on minimizing the effect. 

THE OUTLOOK FOR AOT 

The trend townrds AOI displays due to the 
l'Xcesslv<' cost of implementing wide angle vis
u;ll syst,•ms with multiple projector, multiple 
CIG cl>,,nnPl tl>chn!ques is likely to continue 
fo~ a good many years to come. The eye 
t r;lcked systems offer the greatest potential 
for high rcrform3nce to cost ratio, with a 
rt>solution of 1 - 1 1/2 arc minutes per pixel 
in the eye pointing directcon (and so effec
t lvely in any direction) with the need for 
only two CIG chnnnels. A key question is 
'"!ll•lht'r an eye-d!rectpd .inset can nppenr 
natural to the pilot and whether he will be 
able to perform with such a system without 
eyestrain or other physiological problems. It 
is certainly to be hoped that the funding 
identified to support the NAVTRAEQUIPCEN HMD 
3nd the ASD/J.,v/NAVTRAEQUIPCEN EDIT remains 
::v:li lnhlc• ns thcr.<• two Hy~tC>ms represent the 
two maln altern3tives - on-hend mounting nnd 
off-head mounli:-:p: - and only properly carried 
out integration and test will allow the best 
system to he chosen. 

1f eye tracked systems do not, tn the end, 
prove to he practicable, or if they turn out 
to l,e more expensive than hoped, a head 
trackl'd systen~ such as VCASS may perhaps be 
developed 3S a cost effec~ive visual system 
with more restricted, but useful characteris
tics. ~lcDonnell Douglas Electronics is work
ing on a similar system, using 01 VITAL IV cal~
ligraphic ClG night scene image generator, 
givi·1'-' a 40° circular FOV for each eye and a 
larger total field with partial overlap. Such 
systems do not, of course, have the effe::tive 
resolution of the eye tracked systems. 

The resc L'Jtion may be increased in the 
center of the FOV to match that achievablc 
with the eye tracked systems by using a system 
such ns the CHT (System 4) in which both the 
m3in FOV nnd the inset FOV move with the 
head. With such a system it :!s necessary to 
turn the head to bring the high resolution 
area to bear on the object viewed, whereas in 
the real wor1d situation the ('yes move rapidly 
to acqu1 re objects which are then seen with 
high resolution. It remains to be determined 
wl,ether such 3 different viewing pattern will 
permit s~tlsfactory training. 

The target tracked systems, includinR the 
type of system demonstrated for air-to-ground 
use on VTRS uLi ng a target projector do pro-
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vide an alternati'le to the P.ye tracki·ng sys
tems and certainly systems along the lines of 
VTRS could be implementPd with little risk. 
The value of emphasizing a target by showing 
it with greater· resolution will be e>rplored 
next year on VTRS using pilots in hunutn fac
tors experiments. We shall have to wait three· 
years or more for validation of the eye 
trRcked systems. 
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THE HCHNICI\L CONTRHlUTIONS OF THE 
TACTICAL COMBAT TRAINER DEVELOPMENT PROGRAM 

James 0. Basinger and John M. Wilson, 
Aeronautical Systems Division 

Wright-Patter5on Air Force Base, Ohio 
Robert A. Fisher, Singer Company, 

Link Division, Binghamton, New York 

ABSTRACT 
..::::,) 

rr·oject 2360, ~he Tactical Combat Trainer (TCT), was an Air Force Engineering Develop
'nent rrogr;~m to deVelop two prototype Weapon System Trainers (WST) for training A-10. F-15, 
and r-15 p1lots for combat. Each prototype was to consist of two visLOal simulation systems 
ir_1tegra~ed with two. p.rHiously n.anu:acture? Operational Fl_ight Tr~iners (OFT) t_o form a 
s1nqle \,s:.._;rl,_~ __ t'N_?_separatecoc~plt.statlo~s would perm1t two p1lots ~o ffly'\_mutu~l 
s•;pport llllSSJons or as oppone,.,ts 1n a1r-to-a1r combat.··-The·WST._was da_s1gned to prov1de 
f~1ll mission trctininq fur Jir-to-air and air-to-surface combat tasks~).Jhe TCT prototypes 
·.vere br'nr; developed under contract by the General Electric Comp3ny and the Si'1c,er Company 
for· a , ly off'f to select a production contractor. Approximately two years into the 
,,,·orJrcl 1, these ~ontracts were tern,1inated due to USAF budget problems~ Before termination, 
h·.'vlever, importJnt studies and developments were completed in the vi;,ual simulation area 
by c2ch contractor. Both Singer and GE proposed an Area-of-Interest (AOI) visual system 
and used Computer I1:1age Generation·(CIG). The Seneral Eler::tric ap;.,roach was based upon 
a 'H?ihl-slavec i\OI infinity image displ·'.\. The Singer-~ ink approach was based upon an eye
slJved p,;!I projected on a dome, 

--'\-. TCT PROGR/\~1 

-:-he TacticJl Combat Trainer (TCT) oroararn wa<: 
to deve 1 op a full mission ~~earon System lr·ainer \ 
(~IS-:-) to train ,",-10, r-15, a:rd F-16 pilots in 
combat skills. The WST wac; to credte an environ .. 
r,1ent where the pilot coulJ (l) coalesce all his 
training from separate sources, (2) experience the 
heavy task loading of combat, and (3) experience 
aspects of combat which cannot be trained in the 
air in peaceti:ne, s•.JC'r as SAt•: launch, acquisition, 
and defensive maneuvers or low altitude air-to-air 
corrbat. The ful1 mission capability of the WST 
wJs to include tukeoff, formation (close, route, 
and tactical), aerial rf'fuel ing, low altitude 
tactical navigation, a,;·-to-air or air-to-surface 
combat, r2turn to b-ase and landing. 

Project 2360 was a head-to-head competitive 
Engineering Development Program to develop two 
prototype TCT systems, each by a different con
tractor. These prototypes were then to be evalu-
il ted in a "fly off" to select a production con
tractor to build an additional twenty-six units. 
Each TCT was to consist of two Government Furnished 
Gperationul Flight Trainers (OFT), a visual display 
for each OFT, an image grneration system for each 
display, modi fled OFT Instructor/Operator Stations 
(lOS) and modified OFT Electronic Warfare (EW) 
simulation systems. 

The TCT prototypes were to be designed to be 
integrated with A-1 0 OFTs manutactured by Refl ec
tone, Incorporated. The production WSTs would be 
integrated with F-15 and F-16 OFTs manufactured by· 
the Goodyear Aerospace Company and the Singer 
CompJny, respectively. The prototype development 
contracts con~isted primarily of developing the 
visual simulation system, integration with OFTs, 
rnorli fyin9 the Instructor/Operator Statio:r~ (IOS) 
anci modifying the Electronic Warfare (EW) simula
tion system. The OFTs, along with their respective 
visual systems, were to be integrated to .~ermit 
either two aircraft mutual suppf'lrt missons or fly-
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ing as opposing aircraft. The IDS was to be de
signed for a single instructor to monitor and 
co,Jtrol the simulation for both pilots during 
integrated operations. Contracts to develop the 
TCT prototypes were awarded to the General Electric 
Compan;, Simulation and Control Systems Depart
ment, and the Singer Company, Link Flight Simula
tion Division, in Scptember'"of 1978. Just prior 
to the completion of the Critical Design Review 
in December 1980, these contracts were terminated 
due to the USAF funding problems. The termination 
included residual tasks to complete selected de
velopment efforts and the docume~tation of all 
studies and developments. 

The TCT was desigrred to permit combat training 
including evasive flight in a high thr~at (surface 
and air) environment; target detection, recognition 
and identification; and weapon delivery against 
either air or surface targets. A tactical fighter 
pilot primarily relies on his vision for target 
acquisition and tracking, detecting and avoidin~ 
threats, maintaining contact with his wingman, and 
controlling his own aircraft. Thus, the major 
thrust of the TCT was to provide all the visual 
cues that the pilot needs to fly combat tasks. 

From the inception of Project 2360, it was 
evident that the visual display portion of the 
visual system placed the highest demand on tech
nology. Due to the high risk involved, both con
tractors developed breadboar~s of the display 
system to confirm projected performance and to 
establish subsystem requirements. In addition, 
many tests and emul.ttions were performed to es
tablish system performance. Prior to terminatior, 
both contractors were able to complete the devel
opment of specific display components. 

Since Project 2360 was a competitive program, 
information concerning the technical aspects of 
the program was not published. Due to the termi
nation of the contracts, this information can now 
be presented. This paper will describe the TCT 
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requirements, the technical i!pproaches, design 
performance, and results of the development efforts. 
~~1 though many developments and analyses were com
pleted, this paper will primarily addres~ t.he 
vi sua 1 sirnul at ion de vel oprnen:s with emphasi; on 
the vis U·J 1 dis p 1 ay. 

TCT RFQUIREMEWS 

The rcqui rements for the TCT evolved frarn the 
combined visuJl system requirements of the 
Required Operational Cupabilities (ROCs) for the 
1\-10 (Nov 76) and F-15 (,Jul 76) and the require
ments 1 etter for the F-16 (Aug 74). Each of these 
documents required J full mission WST which con
sisted to two OFTs with full (same as the air
crJft) field of vie1-1 (FO'!) visual simulation. 
Each WST was to be capable of independent (indi
vidual) or integrated (mutual support or opposing) 
fliC)ht fot· all tactical fighter training and 
tactical (combat) roles of the aircraft. These 
roles included takeoff a~d landing, formation 
flight, air refueling, low altitude tactical navi
gation, air-to-air combJt and tactical air-to
surface tasks. 

Separate research visual systems had been 
developed and had successfully trained air-to-air 
combat at mediu~ altitude, takeoff and landing, 
and limited formation task~. but no systems 
existed to support low altitude tactical naviga
tion, tactical air-to-surface tasks, or low alti
tude air-to-air combat. 

Project 2235 (PE 64227F), the Air-to-Ground 
Visual Simulation Demonstration, was initiated ~Y 
the D2r.-uty for Simul utors in 1975 to evaluate 
visual simulation technologies potentially appli
cable to air-to-surface weapons delivery training. 
The eval uution of three somewhat modified visual 
systems by tactical fighter pilots ;:J:.::forming both 
truining and tactical tasks showed that indeed 
more capability existed than was previously 
thought. The demonstration included both camera 
model and CIG image generators, optical mosaic 
and dome displays, and the feasibility of both 
head slaved and target slaved areas of interest 
(AOls). The demonstration included both subjec
tive evaluation and objective mea~urement of the 
technical characteristics of each device. The 
basic recommendations of Project 2235 were two~ 
fold: first, begin procurement of a production 
prototype of u CIG/Opticc.l Mosaic visual system, 
and second, pursue research and development of a 
CIG/Dome visual system including further defini
tion of ilrea of interest requirements. In 
addition, the demonstration pointed out the need 
for further development to meet the Tactical Air 
Cor!nnand (TAC) requirements. 

Further evaluation of the technical visual 
system requirements in the two primary task areas, 
tactical air-to-air and air-to-surface combat 
tasks, revealed that tht! r0qui rements were so 
similar that a single device was the preferred 
approach. The display resolution requirements 
for air-to-air combat against a MIG-21 size target 
are essentially the same as the resolution re
quirements for a tank size target for air-to
surface weapons delivery. Also, when the highly 
likely scenario of offensi•1e or defensive air-to
air cornbaL at low altitude is considered (a 
scenario not practiced in the aircraft for safety 
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r~asons) the visual cues required are also very 
Slrnflar. r1ll thre· aircraft, the r-1~, r-16, and 
the A-ln can expect to engage or to be engaged In 
low altitude air-to-air combat. A thorough anal
ysis of training and tactical (combat) tasks and 
the accompanying technical requirements for a 
visual system strongly ~upport the developmc:nt of 
a single visual system for training in both task 
areas. 

Armed with the stated user requirements, 
demonstrated air-to-air simulation capabilities, 
and the results of Project 2235; work was begun 
in 1977 on the specification and statement of work 
for what became Project 2360 (PE 64227F), the 
righter/Attack Simulator Visual System (F/ASVS), 
later known as the Tactical Combat Trainer (TCT) 
program. 

A functional specification was developed for 
Project 2360 to encourage the competing contrac
tors to use their skills and to be innovative to 
meet the training requirements of the user. 
Special care was taken not to preclude a pa·rtic
ular technology if it appeared to have any poten
tial to meet the training requirements. The tech
nical requirements for the visual display speci
fied a minimum FOV and some limited optical and 
alignment characteristics based upon previous work. 
Image alignment requirements were based upon 
training task requirements, the most stringent 
alignment in front of the Heads Up Display (HUD), 
where it is more critical. A CIG system was re
quired as an image source because of its inherent 
flexibility and the ability to permit a large 
gaming area. Imagery requirements were related to 
task requirements. --

To supplement the technical and performance 
requirements for the visual system a set of four 
annexes to the specification were developed. 
These annexes described the planned use of the 
TCT system. These annexes were: 

Annex A: Representative Task List and 
Generalized Scene Content 

Annex B: Concept of Training 

Annex C: Prototype Visual Data Base 

Annex 0: Maintenance Concept 

The annexes were developed in concert with TAC 
to provide a thorough orientation and a ready 
reference for the r:ontractor to use throughout 
the program. Annex A contains a comprehensive 
discussion in layman's language of each task to 
be trained, how each task is performed, and the 
visual references used to perform the tasks. All 
tasks and discussions were oriented toward tacti
cal (combat) tasks as opposed to the normal 
orientation toward initial qualification train
ing. Most of the TAC training requirements are 
continuation (recurring) training for mission 
ready tactical fighter pilots which consist 
primarily of tactical tasks. These tactical 
tasks have~ significant impact on the visual 
system requirements. 

To document his particular approa~h. each 
contractor was required to prepare a Contractor 
Prepared Prime Item Drvelopmcnt Specification 



(Ci'l!1S) 1v 11ic!i 1·1tls put on conf:rt~ct t~nd updlltecl tls 
l:is c1c:.irp; bccarr:c hcttct' definc<J. 1\nnexes 1\ 
Cln·our;!t ll •.vct·e incluc!ed .IS pa1·t of the CPIDS. 

;1,c tl'c!l'iical rcquii·emcnt.s imposed upon the 
cor::petin~J contrcJctor·s fell into t\.:o busic Cdte-

r· i c s : ( 1 ) T t' a i n i n CJ T a s k I\ e q u i r e men t s <J n d ( 2 ) 
cte:•1 Dcsi911 and f'e:fonnilncc f\equire111ents. The 

primJry drivers were the training tasks and the 
contr~ctors were encouraged to be innovative 
::;,1 k i nrJ syste111 perfon1:ance tr·adeoffs to meet the 
:xu i Pi 11<1 :c~ s k r·equ i re1"Ct1 t ·J. 

The traininG task requirements included 102 
tJsks which may-be qrouped into six basic task 
~ets. These bJsic task sets are: 1\ir-to-tdr, 
l~ir-to-Surface, ronnation, Low 1\ltitude Tactical 
ii<1vi9ation, AcriJl Refuelin(j, <:md Takeoff and 
Landing. Table 1 lists the basic task sets and 
representative tasks within each set. 

TABLE l TRAINING TASK REQUiREMENTS SUMMARY 

Basic Fighter Maneuvers 
Basic Counteroffensive Maneuvers 
Gun Trackin9 
Missile Employment 
Air Combat Tactics 
Low Altitude Intercepts/Engagement 
Visual ~lissile Trace Use 
AAA/SAM/AI Detection/Avoidance 

Air-to-Surfilce 

Scorabl e Range 
Box Pattern 

Bomb, Strafe, Rockets 
1'\rrned Reconn<li sa nee 
Forward Air Controller Operations 
Tactical Deliveries 

Pop- up 
Random 1\ttack 
Tactical Bombirg 

Moving Target 1\ttack 
Guided Weapons 
1\1\A/SI\M/1\l Detection/Av0idance 

Formation 

Takeoff, Landi r:g (Lead/Wing) 
Close, Route, Trail 
Tocti cal 

Air-to-Air 
1\i r-tc-Surface 

Low Altit:Jde Toctical Navigation 
Target Acquisition 

1\eri al Refueling 

ranker Rendezvous 
Observation Position 
Precontact Position 
Contact Position 

Takeoff and Landing 

Single Ship 
Overhead Traffic Pattern 
Closed Traffic Pattern 
Circling Approach 
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1\ir ;-orcc system design and perfonF<Jr:ce n!
quirements were pr·imarily written in te,·n:s of 
performilnce of the training tdsks rJtlier than 
impleme~tation and design specificiltion. The 
only implementation directed was the use of a 
CIG system as an image source. Special precautions 
were taken to avoid precluding potential tech
nologies. Table 2 lists examples of the basic 
requirements grouped into categories. The re
quirements were 1.1ter ~pecialized by each of the 
two contractors to define their particular 
approach to solving the training problem. 

A~ter contract award, unique methods were 
rmrlcyed to insure that both the contractors ar1 
t'JC '.>ers fully understood the significance of 
the system requirements throughout the program. 
Starting during the second month of the contract, 
Co11tractor Orientation Visits were made to opera
tional bases. These visits included opportunities 
to look at, ph0tograph and measure the aircraft 
and weapons; to discuss tasks and visual cues 
with pilots; to see films and video tapes of tasks 
being performed; and to ask questions of the 
pilots until the contractors understood the tasks. 
No questions were too trivial to ask. Orientation 
visits were held with A-10, F-4, ~-15, and F-16 
pilots and Tactical Fighter Weapon Center Pene
tration Aids Instructors to cover all aspects of 
the planned use of the-itT system. The contractors 

TABLE 2 TCT TECHNICAL REQUIREMENTS/GOALS SUMMARY 

System Requirements 

Independent/Interactive 
Correlated In-Cockpit/Visual Cues 
Object/Pattern/Light Size, Position 
AOI (If Proposed) Position 
HUD to Visual Alignment 
Geometric Distortion 
Moving Vehicles 
Visual Effects 
Monochrome (Color-Goal) 
AGM-65B Maverick 
Channel Misalignment 
Transport Delay 
Safety 
Instructor Operator Station 
Availability/R&M Goals 
Computaticnal System Requirements 

CIG Requirements 

Basic Image Co~tent 
Expanded in Annex C 
DMA Terrain, Cultural Data 
Model to Meet Training Requirement 

Pe rforma nee 
Accuracy 
Special Effects (Haze, Clouds, etc.) 

Display Requirements 

Field of View 
Collimation 
Head Motion Evelope (Minimum) 

NOTE~ Contractors were encouraged to be 
1nnovative and to make tradeoffs to 
meet training requirements. 



:.~ll'~o.·pd P\te~l:;i\c lc.Jrniii<J with these visits ,Jnd 
(ll~vpl,ip!•d ,1 •;tr·unq up<•r>~t.i,;n<tl nl'i,•ntt~tion, Thi~ 
~~d~~ 1! vrr_y i'< 1 Sitivc -i!:~pdct nn !.>1)t'1 ~Jy-:,tem iindlysis 
.~n,:t '-~~-'5iqn, dnJ tfH: mor·dle uf the per·<~(ln:, ,J~siunrd 
tu :~if) ;n'r_)rJ/"d!ll, f~ trut~ :ni~:~iun url(1 'lL1tion 
-~~~·.~eltlpe<.! .. iht> ~i!.lf!~tior,s, ~~ecdmP !tlo'.'lrc incisive 
·~ur·in•: su 1•se•;urnt · .. i~its <Hid c.1uscd the pilots to 
r't',l~ ;-" look c1t huw dtJ,! \·ili_y they r'f!r'funr:cd CdCh 
:.J·;l f'i)ot:", ilt'.PII<iL'd ('dCIJ UCSi<jri l'CYie•;~ t_(l 

.,,n~q;,,c •11e Pr'e:.;tion,ll ini11Jts.· !Jdt,: hdse visits 
·,·Jt'r·fl \1lsn con~.~~lcted dt b.lses to be ntodeled. Datlt 
:·~·t'.t..' rx;deler·l~ \·H:rt: .Jh1e to discuss the sisni fi
,:.l'·ct' {Jr fe.1~un:~·~ with rilot~, to loo~· Jt un.J 
· ~·:; .. ·, :~r·.1ph ~·l'd~:.Jr·es~ and t~o collect drowir.qs of 
li~·~·it~ld i,1y0u~.S. f\econn\!1S(1nce r:hotOCJf'tlphy Of 

'_:ur· .. ~vr-~.: r·,:n~.:·-}~. ,lnd lo~· d1 titudc t.~1ctlccll nJviQd
~.i~···i !·c-.ut.es \·;,-ls t~lsc prc'vi'.~ed. 

;~1~.? o~~ienL·Itiun .Jnd ~ttt.d btlSf.1 visits nh.tde 
!:!d~~'r cun::r~ibutions to tt t_h~._;r·ourJh undcrstJnding 
Qf t'1e r·c(Juil·cr:~cnt.:. lind to the development of a 
sc>ISP cf r:1is:.inn on the p . .1r~ of contrdctor per-
:..u;J~h!l. t;esi~ln tr~t.H~coffs wcr·e then r~~arle ufter an 
dn-11~:sis t'f the effect on n·.issiun per·fonnunce 
in·;~•.'c~.:J of on •;tr·icU; cost or· technical consid
crJ~inns. 

'~encr,:l L1ectric's ,J:.>proach to the TCT 'Jisual 
:;:;~tc~:: \>/,1S h,1sed u;1rJn Jn ex.panded and modprnized 
; ... :v<~nced ~,iPtulHor for· >'ilot Training (I\S 0 T) 
display, The rxpJnsions included increasing the 
fiL•ld-of-vievl (rn·:) to provide cover<~rJe essen-
tid 11! l ir:1i ted rJnly by cl i r·crd ft structure and the 
,r!.!ition of ,1 !li<Jh f(esolutic)n .~r-ea (iiRI\) inset 
ir<n tlw ~0\>~r.r· resolution b.Jckgr·oud. Figure 1 
is Jn artist's concept of the TC7 ~ST as designed 
hy r;c. 

lhe vi~u<Jl system was to used cr;nHT~HJ <lf!pro.:,<.t. 
tn rwner.lt!! >Hid di~pldy <Jll inr<Jrjer·y. f, r:IG 
sy:.tern wuuld producr! ei')ht c 1,;mnel5 of vidr•c 
which v1ere to be di~pldyer1 to the pilot un ten 
C:.:Ts M:d viewed through .1 dodecahedrun dYTilrl'Jf'l:.eflt 
of ten pent.tgonal f'anciJke Windr;w(f~) vir·tuol-
imilrJC optical units. lhe irnurle presented to the 
f'ilut would consist of a helrnet-slaved hijh 
'"esolution area (IJH,'\) centered within iJ lJrrJe 
hirJh dct.lil bach]round area of interest (MJJ) <~nd 
J low det<~il llilc~ground/horizon fillinrJ out. the 
rern.~inder of the display us shown in f'i1Jurr1 2. 
\~it'1 the I~Jverick missile selected, one dt<~nnel 
of video would be dedicated t0 the ~rtveric~ 
monitor dnd the rernaininr; seven channels itl~o
Cdted to the visual displJy. The two or three 
channels wh1ch rJid not contain CJC im.tt]ery w0uld 
t>e b(~h i nd the pi lot <lnd would have a horizon 
display to provide a peripheral horizon and 
illumination in the cockpit. 

The insettinq of the HRA was to be accom
plished electronically b,'l sequenthlly scJnning 
alternate fields of the f .. 1 rastet· and a 
rninirJster. The minir·aster consisted of GOO 
scan lines .Jnd 600 pixels per scan line. The 
full channel raster consisted to 888 scan 1 ines 
with 8HR pixels per scan line. The field-cf-view 
(f'OV) of the HRI\ is ·,5 derJrees, circular, pro-
viding a resolution of 1.5 arc minutes, The 
d'Jerage resolution r,f the full channel raster 
(for both high detail AOI and backgrnund) is 6 
arc minutes. Both the HRA and high detail f,Q! 
cisplay the same high detail scene content and 
provide most of the visual cues to the pilot. 
1he low detdil bJckgro,rnrJ scene contains the 
terrain outl 4 ne, horizon dnd representativ~ 
alerting cues such as a SliM launch, wingman or an 
air interceptor. The hig!c detail AOJ FOV is 120-

FIGURE 1 Artist.'-s Concept of General 
Electri~'s Approach to the TCT WST 
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dc9rees, hor·izontill, ilnd 80-de9rees, vertic:~l. 
!his M! FO'/ i~ bctsed uron un MHI\L Jir-to-surface 
;.;capon systc:rn del ivcry study that eval Udted pilot 
pr.r·fon11dllce for various FOVs. The HRA remJins 
centered in the hi~h det~il AOI and both are 
d: rected ,,bout the total FOV of thl! display by a 
Heln:et .~lounted Sensor (HMS). Thus, the hig~est 
scene content will be displilyed to the pilot in 
U;e direction his head is p,Jinted with the high 
n:solution ,1rc,1 for target acr]uisition centered 
1vithin the .Jt'Cil CJf the highest scene content. 
:: 1 c•ndin1; is provided in the HRI\ to minimize the 
effects of J distrJctinJ boundary with the back
(_jround irnMJery. This all electronic i\01 approach 
requires no electromechanical servo mech~nisms. 
rhis display approach has no constraints on the 
nu!lrber of high resolution uircraft or ground 
tJr·cJets 1vhich m<1y be simu1 tuneously displayed to 
'he pi;ot, since the target will appear at high 
resolution ~>·heneve•· the p~lot places the target-
in the HR/\, 

~hile the helmet-slaved AOI approach was 
adopted to avoid false "searchlight" cues which 
would pinpoint the targets, there was operational 
pilot concern that, because the HRA is centered 
Jbout the helmet line of sight, the HRA could 
not be directed to the "6 o'clock" position and 
t!1.1l unn;1tural visual scJr> patterns would be 
necessary in the simulator since the head must 
tJe moved to contl'ol the HRi\ to acquire targets. 
! t s ho·,•l d be noted thut the General Electric 
visual system could also position the HRA along 
~he pilot's line of sight (LOS) by using both 
oye Jnd head position measuring devices. 

The CRrs, developed by Thomas Electronics 
for General Electric, are 36-inch diameter metal 
~unnel CRTs ~lith J dispenser cathode electron 
gu~. It 1'as necessJry to develop the metal 
'l;nnel CRT technolouy in order to reduce signifi-

cdnl schedule risks a~d cost associated with the 
use of glass funnel tubes in the TCT production 
phase (as well as for safety considerations during 
manufacturing). The CRT developed for the TCT 
program is the 1 argest mttal funnel CRT ever 
developed. This technology is presently being 
useJ to fabricate replacement CRTs for both A5PT 
and Simulator for Air-to-Air Combat. Figure 3 
is a photograph of the metal funnel CRT in process 
before application of the phosphor screen. 

To drive the CRTs, the display electronics 
~ccept the video signals generated by the CIG 
system and produce signals for driving each CRT 
in such a manner that the proper view is provided 
to the pilot. The geometric distortion require
ments placed upon the system required that the 
CRT sweep signals be very accurate. The display 
electronics subsystem designed and breadboarded 
by GE was capable of pro~Hiing these sweeps, 
including the con~ensations for CRT to image 
pldne mapping and Pancake Window(R) mapping 
functions. The magnitude of the compensations, 
the need for inset raster capability, and the 
accuracy requirerr~nts led to an approach using 
linear feedback deflection amplifiers to track 
precorrected sweep signals. 

BreJdboard CRT electronics were fabricated 
and tested which sequentially scan a full channel 
raster field, a mini-raster field, a full channel 
raster interlaced field and mini-raster inter
laced field. In addition to the dual scanning 
format, the electronics would position any part 
ot· all of the inset anywhere within the channel 
FOV. Figure 4 is a photograph of t~e 36-inch CRT 
•,Ji th the mini -raster overwriting the full channel 
raster using breadboard CRT electronics. The 
mini-raster is scanned in a square format as 
shown in the figure. The blanking for the round 
format and the insetting and boundary blending is 

AREA OF INTEREST TRACKS 
PILOT'S LINE-OF-SIGHT 

·'.•30 .· '·'' ., 0 30 ' 
(HT .,.;;;;.: ~:i IMUTH---+ RIGHT 

OtGREES 

FTGURE 2 The Field-of-View of General Electric's 
Visual Display and Area-of-Interest 
(The white circle represents the HRA) 
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•:r~ncrdted l1y <1 CIG syste111. Siner. tl;e CIG system 
•:t:ill_•t\I~CS .1 SC:Crlf.' \~ith d "Tdrl R" llhlppinr) ,Jnd the 
1\tnc,lkC ;-lilldLl\'l(l·:) is true dll<jlC lll.tppin'], the Cfn 
r•ic·<.:~r·,;rJic<; '':ust Cll11lfl('r1S.tte the• r.tster forrnJt on 
t:~t~ Ci~T tu cis~1L1y .Jn undlc;tor'ted itnJqe to tbc 
pit.,t. ·;his cornpcns.1tion .tlso r·cquircs tlhlt the 
~ir'ClJI.•r fll\11. !Jr. SCc1r1ril'd JS an eli,lSt! on the Cfn 
c~:; 111r WU\ JJlovcs fr·on: tile center of the channel. 
l!!:;t~; l'il't'P cundtJcteJ 1-1hich showed ttltlt the 
,., .. ;i<r.Jt.iun erro1· on tire I!R/1 to the full chunnel 
r·.J'>tr•r· l·ltl', lc",'• t!:,\11 i.l.1D deqn•es within the 
lc''.,ll !UV, le<;s th.tr• U.J:, derp·et~S vlithin the 
in•;!.t!TitiiTI('l'<IS [Q\' ,Jnd \'idS lllUCii less neJr the 
, l'li! t'l' n f t t:e ci~<Jnnel. nvcr,lll, the breu,1bo,lrd ... 
r:rn t'tl'Ctr<''lics met .111 the TCT distortion speci
:icati'''"' except in <l fe1v ,n·e,IS c~t the edqe of 
: 11r· ~:1.::. ln ,lrlditi'Jri, the br·e,ldtloar·d CRT 
t•!t•t::nlllil',, t')ll'l".ltin•J \·lith .1 16-inch CRT, 111et ur 
,.,.,,,,,!, ... ! : 1rc ,·c".olutinn .trHI Mil t't"JUirernents 
'-'icliili::. c"w:i•lcr·inq th1• effects of the I'JllCJke 
·.·J 1 '1 1 l u \"' ( r.~ ) . T t 1 i s \V {", s ~: s i q n i f i c ,J n t t1 d v d n c c i n the 
·, 1 ,ltl'-uf-!lq~-dl'~- t•f displ.1y tcc!lnolor_ly. 

:l:c• '":inc In:ir1it·• tJ'Jtic.Jl Syste:n (ILIOS) 
•'!L,J',tcJ tlf ten r·.!r'l'clnrl Optic.!l COilljl<lny PdriCJke 

·.; ''l•.!c••,;•,\1~) ,IJJd .1 dodNd!H•dron oli<~red support 
·.tr·t:rt.un•. lc~ch OJ•tic:c~l unit lidS t1 2·1-ir:ch fOCiJl 
1l~n~t~: .ln~: is penL.tiJUndlly <;~ldped. ·.~hl'n juxta-
;,,:·)ccl \:1 ~i:p d(ldpc.Jhedl·un, t!H~ ten VJindOWS rrovide 
\ ·.:tlnttn~J,I\1~; fie1d ~_1f vic~·; ft~um the pilot•s eye 
:·t!:cr·c ce llin:. IIH_~ desi 1.JrH~d dnd lllJnufdctured 
:!.i s .) ·nilJr~ r_o the .t\SPT systcrn '-"lith two 
~Jiqnif can differences: 

a. Although the dimension~ of the 
individudl PaPcake Window(H) and dodecahedron 
are the s,JJJJe as the ASPl system, tire <Jrient<Jtion 
of tl1e IL!OS relative to the cod:pit is diffl!rent 
in order to c~ccommodate three additional chdnrWl$ 
dnd, therefore, d lilr<Jer rov. 

b. Improved Pancake Window(R) fabrica
tion techniques resulted in reduced defects and 
imperfectior.s in the optical elements. 

The overall specified performiJnce on the 
General Electric vi~ual system is sumruarized in 
iable 3. Before termination o~ the contract, Gr 
had completed and tr>steda breadboard of the CRT 
electronics with a glass funnel CRT. These 
breadboards ~et or exceeded all TCT specifi-
C<ltions. A 36-inch metal funnel CRT, the 
l<1rqcst ever built, was developed, f<lbrit.:ated, 
,111d tested. When tested chis CRT met. dll re
qui rcments except for the resolution of the HHr, 
raster. This lov1er resolution w,1~ attributed 
to the newly designed electron gun used for the 
t c s t . \~ i t h the s c de vel o prne n t s , the over a 1 1 
tcchnicdl risk of the General Electric concept 
wJs siqnificuntly reduced. H01~ever, the train-
in<J risk of the helmet-slilved IIRr, rr.milins dnd 
requires further evdl uat ion with a pi lot in the 
loop. Currently, no ~uch effort h<ls been funded 
to resolve this question. 

!'IGUf~C 3 Thirty-six Inch t·1et,1l runnel CRT 
in l'rocess Befor·e Phospl1nr Appl icc1tion 
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FIGURE 4 The High Resolution Mini-Raster (Off Center) 
Shown Inset Into the Background Raster, Visual Display 

TABLE 3 GC ERfORMANCE PARAMETERS 

Total field of View: 
High Detail Area of Interest; 
High Resolut ion Area: 
Full Channel Resolution: 
High Resolution Area (HRA) Resolution: 
Brightness: 
Contrast Ratio: 
Number of Edges: 
Number of Point features: 
Number of Circular features: 
Video Raster Lines: 
Edge Crossing/System Line: 
Edge Crossing/Channel Raster Line: 
Moving Model Types: 

Environment: 
Scene Enhancement: 
Surface Texturing: 

Visual Datf» Base: 
Gaming Area: 

Essentially same as aircraft 
120 degrees Horizontal, 80 degrees Vertica 
1b  degrees Circular 
6 Arc Minutes, Average 
1.E Arc Minutes 
6 footlamberts, Highlighi 
16:1 Minimum, 2.:1 Nominal 
-T000 
4000 
1000 
8B8 Background, 600 Mini Paster 
400 Background, 220 Min Raster 
256 Background, 220 Mini Raster 
Airborne, 10 Types 
Ground, b0 Types 
Full Weather, Time of :-a/ Effects 
Articulated Parts, Curved Surface Shading 
Circular features, Curved Surface 
Shading, PoinJ features, Cray Shade 
Variations 
Both Trans formed DMA and Hand Models 
1380 NM x 1380 m 
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SINGER-LINK'S APPROACH 

The Singer-Link approach to TCT exploited 
the  fact that the high-resolution viewing area 
of the eye is relatively small.    This high- 
resolution Ared   is  the  fovea of the eye, which 
is the 0"ly area where small   details may be 
perceived. 

Surrounding the  fovea  is a  peripheral  area 
where the resolution of detail   is low but, 
because of the way human vision operates, 
there  is a  high sensitivity to movement.    The 
psychophysics of human  vision creates an  image 
in  the  "mind's eye"  of building a  total   high- 
resolution  image of the real-world scene  from 
a  series of small   hi',li-resol ution  "snapshots", 
each of which  is  surrounded  by lower-resolution 
information.     If  tins  situation  is emulated   in 
the  visual  system,  the  FOV  requirement  for 
instantaneous high  resolution and high detail 
is greatly reduced.    Thus,  the capacity of the 
image generator can be concentrated where   it 
will   oe  used and  the number of  image display 
channels may be  reduced. 

In  the visual   system,  the  pilot's  line of 
sight  (LOSj   is monitored and a  high-resolution, 
high-detail   ,-irea,  surrounded by a  large low- 
resolution,  low-detail   area;   is  displayed along 
tL:is  LCS.    ..'hen  the eye's  LOS changes,  this  is 

sensed ar.d  ';he high-resolution area  is moved 
accordingly, matching the eye's ability to 
discern nigh detail   in only a small  area of 
the total  scene at any one time.    The net result 
is  the impression that there is high-resolution, 
high detail   imagery everywhere. 

The TCT eye-directed AOI  visual   system 
provides the pilot with high resolution and 
high detailed imagery anywhere within the pilot's 
FOV.    This  is accomplished by projecting a   20 
degree monochrome image on a  35  ft diameter 
dome wherever the pilot looks out the cockpit. 
This 20 degree foveal   imege  is directed along 
trie pilot's LOS  using servo  driven  foveal 
projectors.    This  foveal   image is  inset  into a 
lower resolution and lower detailed monochrome 
peripheral   image  that   ;s  projected onto  the 
dome  through  rixed wide anqlp peripheral   pro- 
jectors.     Figure  5  shows  the layout  for the 
projectors  coupled  to an A-10 OFT.     It  requires 
four  foveal   and  lour peripheral   projectors  to 
provide an unobstructed  FOV  to  the  pilot. 
The  four peripheral   projectors  are located at 
the  four corners of the simulator   ^45  degrees 
to  the cockpit axis  system)  and are optically 
merged  to  form a continuous   360 degree image 
to the pilot.    However,  the CIG instantaneous 
field of view  is  limited  to   180 degrees  azimuth 
and  120 degrees elevation along the  pilot's  LOS 
to concentrate the  scene detail   capability 

AFT 
FOVfcAl 

1/    PROJECTOR 

, SlAIRtASt 

HfUtSTAL ^Siüt FOViAl FRüJUTCfi 

f'lGi'M    ;       'he   L-lVv'at    o'   '.. !»i ;r< ' '■    .iSuJi 
:. l Spl ■ ,   ■"-; j f MI k;  üfi   :!i!   •'•- 1 '■   '■' ' 
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h(• c:rr~. The four fove,ll pr·Djectors located on 
-IH• r;uckpit <l.xi~; ~ystc111 (fonl.trd, dft, lr·l·t 
1nd r·!~ht) hilvc ovcr·lup 011 the JoPIC to per111it the 
:1~itchinlJ of fo·;eal projectors without loss of 
:m.HJcr·y. Thcr·cfor·e, only one foveal rwojector 
's rc!luired ,lt any instand to pro•1ide the foveal 
<nliH]e Jlong the pilot's LOS. The irnar]ery for both 
the fovri.ll .1nd per~pheral pr·oject·ion systems is 
JCncr·,Jted by ;1 sinqle five chann;•1 ClG that 
.upplies 874 .1ctive lines 1~ith 92:! pixels per 
'inc. This pr·ovides better thJn 1.4 arc minute 
··esolution ever·y1vhere v1ithin the tot,ll simuL1ter:l 
1ir·cr-.1ft field-of-view. In uddition, two very 
i1n:JOrtant visr1al cues, heud rnotion cnrnrensation 
lrH~ realistic C-dirnming, .1rc inher·ent in the 
•ye-dir·ected i1pproach. 

ln rcal-im.1ge displuys, there is an inher·ent 
;roblem of image plucement us il function of head 
:1otion. In previous dome displays as the pilot 
·1oved Iii s head, the simulated in.,lgery would 
1prear to be located on the projection screen. 
~he eye-directed system solves this problem by 
JsirHJ the helmet positionill information to move 
"he i:nagery in response to the pilot head motion. 
~his r·esults in correct imar;e motion so thJt 
'bjects locJted in infinity IIIOve as if they were 
:t infinity and object~ at, say, 5 feet move ilS 
: r l!rev wer·e ,) t 'j fct>t. This i 5 i1CCr1111pl i sht~d by 
.,t·ovidirHJ to :he CIG eyepoint position and 
Jrojector/screen/eyepoint geometry data. The 
-esult is i~agery that moves as it should 
··elJtive to the pilot changing viewpoint not 
'nly with respect to the diltil buse but also 1vith 
~r~oect to the projection geometry. 

The visual cue associated with pullint G's 
::.a farniliur· visual effect used by experienced 
>i1ots of high performunce ilircrJft. .~s the 
1ilot pulls higher G's over given periods, his 
:·(J'! will nonnully stort to collapse. and if the 
:;-level is sustained, the FOV will eventually 
collapse to zero. Th1s collapse could be fully 
;ir~ulJtecl in lhe T~l ·;;sual system. Tile initial 
co 11 apse down to lO c!c-Jr·ees from the foveal is 
~ancled by the peripheral hardware with the 
:ollapse from there to zero being handled in 
the foveal merge hardware. In an air-to-air 
:11ission, the TCT 'Jisual system will allow pilots 
~o "fly the tunnel" when engaging unother aircraft 
~t short range. In this maneuver the pilot 
.rtte111pt.s to keep the target wHhin the fovea 
while maintaining sufficient G's to provide an 
aln:nst but not toti1lly collapsed FOV. 

EY[ PSYCHOPHYSICAL kEVIEW 
The human vision system provides highly 

detailed information about the relative positions, 
rcflectances, and visible emissions of very 
c;rnall elements in the visual world. It also 
senses changes and rates of change in scene 
element positions, and supports the examination 
and tracking of these elements. 

1\ighly detailed vision is rnaxir1ized in a 
relatively small area in the center of the eye, 
approximately 5 degrees in diJmeter, known as 
the fovea. The eye is sensitive to light as 
far out as 90 degrees from the fovea, rJut, in 
the area beyond 10 degrees, the functions are 
primarily to alert the person to the pre~ence 
iln'J cJener<Jl activity of the ~cene elements. 

rigure 6 depicts thr. resolution falloff of the 
eye ilS a function oi' i.lnrjle from the fovcd. 

The movement of the eye is called u saccade. 
These saccades ilre the eye's way of moving new 
clements into the fovea for detailed examination. 
Saccadic motions are typical-Of voluntary shifts 
of attention from one scene element to another and 
take place at relatively high speeds and accel
erations. The speed of a saccade depends on 
the distance to be scanned. Experimer.ts indicate 
that the eve tends to maintain fixation on a 
scene element for a minimum of about 250 milli
seconds, mov'ng to new scene elements with 
peak velocities of 700 degrees per second with 
accelerations of about 50,000 degrees per second 
squared. 

During these high-speed eye movements, scene 
information is passing very rapidly across the 
foved and is not apparent to the observer. 
This visual suppression process precedes the 
st~rt of a saccade, continues on through the 
saccade with perception not fully returning 
until some time after the cessation of eye 
motion. For example, one is unable to see one's 
own eye movements in a mirror when looking from 
one eye to the other. 

,,,r; 

The previous discussion was for static scenes 
only. In the dynamic scene situation, the eye 
can smoothly maintain points of interest within 
the fovea for objects moving up to about 100 
degrees per second. During these tracking 
motions, the ;cene elements of interest remain 
relatively fixed to the fovea and thus there is 
no need for visual suppression. Even so, visual 
acuity does decrease as the tracking velocity 
increases. At high velocities, up to 200 
degrees per second, the eye uses a combination 
of saccadic motions and tracking motions to main
tain the object within the fovea. 
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The smooth eye motion used to track moving 
objects cannot be voluntarily induced without the 
presence of moving imagery. It is difficult to 
prevent Jne's eye fro~ following images that 
fill a large portion of an observer's field of 
view. As an example, one can observe someone 
trying to move hi~ eyes smoothly down a typed 
page. It cannot be done without the aid of a 
pointer smoothly moving down that page. Also, 
if the observer "focuses" on , page and the 
page is mnved smoothly, the eyes will track the 
page's motion. 

D!SPLI\Y SYSTEM 
-----Tbe-design o: the TCT visual display system 
was based on these two characteristics: 

( 1) v·isual acuity as a function of 
angular uistance irom tre fovea, and 

(2) Suppression of visual perception 
durincJ eye motion. 

The first characteristic permits the concentration 
of irn09e detail and resolution in the region where 
the eye is looking. Figure 6 suggests that high 
t·esolution and detail in the peripheral regions 
are unnecessary. The suppression of visual 
perception befor·e, dur·ing, and after a saccade. 
provides the key to the feasibility of a visual 
design which is optimized on the eye's angular 
ilCuity falloff. Without the period of visual 
perccrtion loss ~ssociated with a saccade, the 
bandwidth requirements to position the foveal 
ittti.lge would be well beyond the state-of-the-art. 

The eye-director AOI display approach for 
TCT was developed around five major hardware 
sys tc!ns. 
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(1) Foveal projection system 

(2) Peripheral projection systems 

(3) Helmet.mounted oculometer system 

(4) Dome display screen 

(5) CIG 

FOVEAL PROJECTION SYSTEM 
Figure 7 shows the components of a single 

foveal projector from video input to the dome 
screen. 

The foveal projection lens has an external 
pupil and is approximately telecentric. The 
external pupil allows the servoed mirror to be 
made small by imaging the pupil on it. The first 
advantag~ is obvious: the servos used to drive 
the mirror can be made smaller as the load size 
is made smaller. The second advantage is an 
increase in excursion without vignetting as com
pared to a system withol't an external pupil. 

As shown in Figure 7 there are five servos 
in the foveal projector; two control LOS, two 
control size and focus, and one controls bright
ness. The servo rates and accelerations are de
signed to be consistent with the requirements of 
an eye-directed AOI. link has breadboarded a 
complete foveal projector that fulfills these 
requirements. The azimuth/elevation servos control 
the LOS of the foveal image. This image can be 
pointed anywhere except where occulted by the 
projectionlens or azimuth/elevation servos. By 
the nature of this system, the image must be de
rolled as the azimuth servo rotates; this function 
is accomplished in the image generator. The zoom/ 
focus servos control the size and focus of the 
projected foveal image. Due to the geometry of 
the display system, the throw distance and apparent 
AOI FOV size to the pilot will vary as a function 
of his LOS. In order to maintain a constant 
1\0I FOV size to the pilot, the prcjected FOV must 
:;e varied as a function of the pilot LOS. In 
addition, the image must be refocused as the 
projection throw distance varies. Both these 
functions are controlled by zoom and focus. The 
attenuator servo controls the brightness of the 
projected image. Bec<u.!..Se of the geometry, the 
brightness of the imagery before reaching the 
screen must be varied as a function of the pilot 
LOS in order to maintain a constant apparent 
brightness to the pilot. The main contributing 
factors to the variance are (1) screen gain, (2) 
angle of incidence and reflectance with re~~ect 
to the pilot. and (3) projected FOV. The bright~· 
ness of the output image is controlled by 
!~tating a variable-density disk located within 
the optical path. 

The light source for the fovea 1 projector 
will be provided by a GE light valve projector 
(PJ7150). This light valve provides a light 
output of 1,000 lumens with a minimum resolution 
of 800 by 750 TV lines per picture height 
resolution. The light valve will be modified to 
a 1:1 format rather than the standard 4:3 format, 
to reduce the losses in foveal image circular 
FOV. T! e modifications will result in a usable 
light. output of 750 1 umens and a resolution of 
800 TV lines horizontal and 750 TV lines vertical. 
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The brightness of the outside 3 degrees of 
the foveal image is reduced to blend/merge the 
foveal imilge into the periphet·al imagery. This 
blending is accomplished by electronically 
feathering that area of the foveal system as a 
functio11 of i.ln<Jular subtense to the pilot eye
point. The reverse is done in the peripheral 
mer CJC e 1 c c t ron i c s . 

PEf\!PHERI\L PROJECTION SYSTEM 
Figure 8 shows one of the four peripheral 

projection systems from video input to the dome 
screen. 

The system utilized a wide Jngle len~ in each 
peripheral projector to provide information in 
tho peripherul FOV. The output is a 210 degree 
(relutive to the lens) circular field projected 
onto the dome surface. \~ithin the optical chain 
of tile peripf1eral projector, a variable-density 
(spJtial only) filter will be used to provide two 
functions. Tho first is the flattening of the 
field brightness as seen by the pilot. This 
cnn:pin·ison is required due to lens falloff, 
light valve falloff, screen gain, and varying 
bend angles. The second use is the feathering 
of the peripherul image at the boundary between 
t\·lo pcr·i pheral ;Jrojectors. The roll assembly 
is used to orient the 4:3 aspect ratio of the 
light valve within the circuldr opticul rov. 

Tlw 1 i ght source for the peripheral projector 
\vill be provided ~Y aGE light valve projector 
(PJ7155). The lijht valve rrovides a light out
rut of 2,000 lumens with a minimum resolution of 
BOO by 750 rv lines per picture height resolution. 

1\s mentioned in the foveal projector descrip
~ion, the outsiL'e 3 de(]rees of the foveal image 
is L:sed to blcr.·'/:~-:>rqe ·::he foveal i::'il"e into the 
peripheral ~magery. ne "Jlending i~ ~ccomr.>lished 
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FIGURE 8 Periphe·ral Projector Diagram 
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by electronically feathering that area of the 
peripheral as a function of angular subtP.nse to 
the pilot LOS. In addition, the area inside the 
blend/merge region is electronicJlly blanked 
within the peripheral to provide a blank hole 
for insertion of the foveal image. 

The projection/screen/eyepoint geometry 
along with the wide-angle lens, would provide a 
distorted image to the pilot if left uncorrected. 
TCT utilizes two methods of correction in order to 
reduce the complexity of the system. The first 
approach is software mapping within the image 
generator. This removes the basic distortion 
introduced due to the projector/eyepoint geometry. 
The second method of correction is provided by 
a scan converter. The scan converter compensates 
for the remaining distortion caused by the wide
anqle ootics and soherical screen. 

HELMET MOUNTED 0\ULOMETER SYSTEM 
The measurement of the pilof's eye LOS 

utilizes a Helmet-Mounted Oculometer System (HMOS) 
developed by Honeywell Avionics Division under a 
sub-contract to Singer. The eye LOS relative to 
the cockpit is continuously measured by the HMOS 
in two stages: (1) A standard Honeywell Helmet
Mounted Sight (HMS) measures helmet position and 
LOS relative to the cockpit, and (2) a recently 
developed Honeywell Helmet-Mounted Oculometer 
(HMO) measures eye LOS relative to the helmet. 
The two LOS are then summed to obtain the eye LOS 
with respect to the ccc~pit. The resultant eye 
LOS and helmet position is then provided to the 
display computer to co~trol the position of the 
foveal image. This same data is provided to the 
CIG for the generation of the foveal and iJeriph
eral image. Figure 9 depicts the components 
mounted on the helmet. 

The HM5 subsystem utilizes a magnetic field 
established by a transmitter located behind and 
above the pilot's head. The magnetic field 
components are detected by a receiver mounted in 
the helmet as shown_j_n Figure 9. The amplitudes 
of the field components are then transformed into 
helmet position and LOS. 

FIGURE 9 Helmet System Layout 
Mounted Oculometer 
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The HMO main component is a charge coupled 
device (CCD) camera that views the pilot's eye 
fr·om ,1 mounted position on the helmet, Figure 10. 
The pilot's eye is illuminated by a :ow intensity 
II\ L1111p tht1t sh<~res the same optical•path with 
the c.1mer.1 through a beum splitter. The CCD picks 
up the illuminator's reflection off of the pilot's 
corneil along with the pilot's pupil image. Using 
this information, the HMU system determines the 
pilot's eye LOS with ··espect to the helmet. The 
W·10 cornrutJtional system then combines the HMS 
helmet LOS with the HMO eye LOS into J combined 
pilot's eye LOS with respect to the cockpit. 

DOME DJSrLAY SCREEN 
·---··The--cfis.play screen is constr·ucted of three 
hJsic fiberglass panels and rib structures. The 
p.;nels belm·l the equator ar·e 22.5 Jegrees x 46.7 
degrees; above the equator the panels are 22.5 
dcyr·ees x 62 degrees; ilnd the cap panels are 22.5 
degrees x 21; de<Jrees. The screen finish, a 
patenteJ l.ink pr·ocess, provides a vuriable gain 
function in order to provide compensation for 
bri~htness fJlloff due to the projector and 
,,bc.~r·ver· locations. The screen gil in is four above 
155 denrees elevation and two below +10 degrees 
elevation. The gain varies linearly from two to 
four •t~ith elevation angles betwren +10 degrees 
Jnd +55 de9rees. The dome construction process 
entJils assembling the rib structure then laying 
in the panels. The panels ar·e riveted and 
e~oxied in pldc~. The seilms between panels are 
filled to the dome r·odius before the multiprocess 
screen coJting is dpplied. 

COMPUTER IMAGE GENrRATOR 
··---i\-sTn~letTve-channel CIG system drives the 
four peripherul projectors and four foveal 
projectors. 

l'our imilge channels are continuously projected 
on the dome screen to provide the peripheral 
image. The scene content is allocated between 
channels based upon ~he eye LOS. The fifth 
imuge generiltor channel is switched between the 
four foveul projectors as a function of the pilot 
LOS outside the cockpit. In addition, the 
coveal imilge chilnnel is used for the Maverick 
cockpit display monitor when the p~lot's LOS is 
directed toward the monitor. 

The fovec1l inlilge channel can process 3,000 
potentially visible edges at a rate of sixty 
times a second; the four peripheral image 
cliilnnels cJn process a tot:~l of 6,000 potentially 
visible ed9es ilt il rate of thirty times a second 
in un instantaneous FOV of 180 degrees x 120 
der]rees about the pilot's foveal LOS. 

STUDIES 
·-----[JJi-ri ng the TCT contract, Singer conducted 
S(~veral studies to define critical syste"l 
pi!rarneters. The test arrangement consisted of 
viewing a rear projection screen with an eye 
directed, high resolution AOI in a low resolution 
background. The image was grnerated by two 
television cameras viewing test imagery. One 
camera operoted at full resolution while the 
second Cijmera was operated Jt apprc~imately 
one-fifth resolution. A bench mounted oculometer 
detected ~ye position and directed the position 
c: d varioJble size and blend/rner9e of the AOI 
( frorn the fit·st. television cameril) inset into 

the background (from the second camera). A GE 
light valve then projected the image on the screen 
for viewing. 

The AOI FOV was variable from 10 to 24 degrees. 
The blend region, within the AOI, was adjustable 
for zero blend and variable from 1.4 to 6.7 
Jegrees. 

In these studies, a blend reaion of 3 to 4 
degrees within the AOI provided the best viewing. 
With this blend region, the effects of image mis
match, brightn&ss and resolution differences were 
minimized. A high resolution area of 12 degrees, 
exclusive of blends, provided the best viewing. 
This value maybe decreased as the eye tracking 
accuracy improves. Thus, the final AOI design 
was a 14 degree FOV of high resolution imagery 
surrounded by a blending ring of 3 degrees for 
a total AOI FOV of 20 degrees. 

An adritional benefit of these studies was the 
unstructured subjective evaluation of the eye 
directed AOI concept. As the observer moved his 
eyes throughout the scene, it did appear to be 
completely high resolution. However, when the 
AOI was not eye directed, the difference between 
AOI and background resolution was easily seen. 
This provided additicnal confidence that this 
concept would be successful. 

Prior to the termination of the contract, 
Singer completed the fabrication and test of the 
HMOS, Figure 10. Two units were built and both 
met or exceeded the TCT requirements. In addition, 
a breadboard of the foveal projector was fabricated 
but nnt tested, Figures 11 and 12. This breadboard 
was tested on a sub~equent contract, Project EDIT, 
described below. These ttsts indicated that all 
TCT requirements w~~re met, except for the peak 
velocity of the azimuth servo requirement. Cor
rections to this problem have been designed and 
will be incorporated in the future. The perfor
mance of the Singer eye-directed AOI aoproach is 
sur~~~rizr~ in Ta~1e 4. 

1-' 1 ~~IRE 10 He 1 met-Mounted Ocul ometer System 
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FIGURE 11 Foveal Image Projector. 

PROJECT EDIT 

Project EDIT (Eye-Slaved Display Integration 
and Test) is a cooperative Air Force and Navy 
continuation of the Singer eye-directed AOI 
development started on TCT. The Air Force is 
providing residual TCT contract equipment and 
funding. The Navy is providing funds, equipment, 
facilities, and contract administration. Project 
EDIT is a rnultiphased effort which will lead to 
pilot evaluation of the TCT eye-directed AOI 
technology on thn Visual Technology Research 
Simulator (VTRS) located at the Naval Training 
Equipment Center. 

Phase I has been recently completed where 
the HMOS and servos were integrated with the 
central computer and dynamically tested; and 
the video electronics checked out and dynamically 
tested. Phase II started in August 1982. During 
this phase. all the subsystems will be integrated 
and tested end-to-end. Tllis will include using 
an artificial eye to provide known inputs to the 
HMOS and measuring the response of the projector 
servos. Preliminary plans are that Phase III 
will integrate the breadboard eye-directed AOI 
equipment on the VlRS for pilot evaluation. The 
exact plan and schedule for Phase Ill will depend 
upon available funding and success during th2 
various stages of integration. 

The Air Force goal for Project EDIT is to 
determine the feasibility of the eye-directed 
AOI concept for tactical combat training. If 
successful, data from Project EDIT will be used 
to establish system performance specifications 
for future procurements. The eye-directed AOI 
approach has the potential of meeting most of 
the t~ctical training requirements. 

CONCLUSIONS 

Although the TCT contracts were terminated, 
several developments were successfully completed, 
such as the 36-inch metal funnel SRT and the 
Helmet Mounted Oculometer Syste111. Tt1ese equip
ments are currently being used in laboratories 

TAGLE 4 SINGER TCT PERFORMANCE PARAMETERS 

Field of View: 
Resolution: 
Contrust Ratio: 
13ri ghtness: 
roveal FOV: 
Periphcrill FOV: 

number of Edges: 

Texture: 
Moving Model Types: 
Environment: 
Gaming .1\reil: 
Scene Cnhancement: 
Visuiil Data [lase: 
Special Cffects: 

Total aircraft F0'.1 including head motion 
1.4 ilrc minutes 
14: 1 
1.5 foot Lamberts 
20 degrees diameter with 3 degrees merge 
360 degrees H,+90 degrees, -60 degrees V 
except where occulted by cockpit 
1 foveal channel, 3,000 edges @ 60 Hz 
4 peripheral channels, 6,000 edges @ 30 Hz 
Surface (16 unique patterns) 
Airborne, 10; Ground, 50 
Full weather, time of day effects 
1,000 x 1,000 nautical miles 
Articulated parts, light point features 
Transformed DMA, Hand modelled 
Head Motion Compensation 
G-Dimming 
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to perform much n~eded rPsearch. ln addition, 
the fc,ls i bi 1 i ty of other developments ~1ere 
dcn:t'n~.tr·c~ted such rlS the inset rnini-r·aster on a 
C!\I .1nd the foveal J'rojector. It is hoped th~t 
~~ur·k v;ill continue to cornplete dnd ~valuate these 
de V(' I oprncn ts. 

On the TC1 fH'O<Jrilm, there was a continuing 
rvJ1r;Hion of the Technical and Training Risks 
of fieldinrJ a successful l~ST. It is our belief 
t!r,1t t 1

1e work acconrpl ishccl on these- contructs 
;1nd described in this pilper have significantly 
r·educcd the Technicd1 f\isk of these two npproaches. 
llolvel·er·, continued effort is needed to reduce 
~i:cse Trchn1c<1l Risk~ for a production procure-
n:t•nt. l\dditionallv, the Trilinin(] Risks have not 
t•ecn significantly. reduced. A simulator environ-
iliE'n t. For fly in q COIIIb,l t tasks is needed to permit 
task-loadinQ the pilot to predict the traininQ 
per·formance .. of the visual system. Continued -
efforts. such as Pn1ject EDIT anJ other similar· 
work, are neejed to reduce the Training Risks. 

FIGURE 12 Closeup of Azimuth/Elevation 
Servo Assembly 
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Another contribution of the TCT program, 
although not strictly technical, is demonstrating 
U1e importance of thoroughly communicating to 
the design engineers the pilot's tasks, visual 
references and how such visual references are 
used. The Air Force, General Electric and 
Singer-Link ctgree that the orientation trips 
and the continued dialogue between designers and 
pilots during the TCT program was extremely 
useful in designing the TCT system and determining 
desi9n and performance tradeoffs. It is hoped 
that the5e effective communication tec:1niques 
will be used on future programs. 
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DATA BASE GENERATION SYSTEM FOR COMPUTER GENERATED IMAGES 
AND DIGITAL RADAR LANDMASS SIMULATION SYSTEMS. 

By Lt. Col. Manfred Haas. 
Diether Elflein and Peler Gueldenpfennig 

ABSTRACT 

^The paper deals with a semi-automatic, interactive system to generate data bases from Digital Landmass 
System (DLMS) Data, for Computer Generated/Image Visual Systems (CGIVS) and for Digital Radar Landmass 
Simulation (DRLMS) Systems. 

Terrain information and certain culture features can be gained from DLMS data automatically for CGIVS and 
DLRMS data bases. Additional information is prepared by interactive methods, including the use of model library 
for CGI data bases developed by batch procedu'es. Data bases can also be developed solely by batch pro- 
cedures. 

fNTROD.CTION 

In 1975 the German An force and Navy decided to use a Com- 
puter Generated Image Visual System (CGIVS^ and a Digit:-; 
Radar Landmass Simulation (DRLMS) System for the TOR- 
NADO Operational Flignt Training and Tactics Simulator. The 
development of the prototype CGIVS demonstrated that in 
order to full fill the operational requirements for this type of 
simulator, a substantial increase in scone content would be 
necessary. Therefore, the CGIVS production units have a 
much higher data processing capability than the prototype. 
Table 1 shows a comparison of the capabilities of the pro- 
totype CGIVS and production units. 

PROTOTYPE C IIVS PRO! JCTIONSCGWS 

EDGES SCENE AX«0 B0O0 

POINTUGHTSSCENE 1000 »OOP 

EACES'SCENE wo 4000 

MEAL TIME DATA BASE 
CAPACITY 

TV LINES 

10.000 

MS 

40 0O0- Plus Ov 

Reload« "0 

RASTER ELIMENTS.TV ONE MS 1000 

TEXTURING NO VES 

CURVED SUREAC! SHADING NO *ES 

th,.    1r 

Tab!»»   1 

>1   Protot \ pt*   am!   Prociuc ! ion 
ni'u,   Simulator   TORNADO 

:GIVS 

The increased scene content tor the new CGiVS had 
substantial impact on data base generation For the prototype 
system, the CGIVS data bases had been generated mjnually 
by batch operation The areas and models had been derived 
from geodatic charts, area! photographs, blue prints. and nor 
mai photographs The scene content of this material was 
reduced and manually transformed into graphic vectors The 
coordinates of the vertices of the edges were defined on pun 
ched eardt Only after the coordinates of the vertices had been 
defined on the punched cards automatic data processing 
could be used for operations such as reading in. testing, seal 
<ng and computing o? »ace normals and separation planes 

The high information density of it» data bases fo» the new 
CGIVS led to tne necessity for use of automatic and mterac 
live procedures tor the development of data bases For this 
new CGIVS, Messerschmitr. Bolkow Blohm (MBB), designed 
the Data Base Generation System (0BGS) This DBGS will not 
only be used tor the design of data bases for CGIVS. it will also 
perform generation and modification o» data bases tor the 
DRLMS system it is worth mentioning that alt DRLMS tor the 
German and Italian TORNADO simulators have an update con 
sole with whfch small modifications to the data bases can be 
performed One system ot.t of the si» ordered by the German 
Government and one of rtv Italian Airforce systems has addi 
tionai computer peripherals used to transfo m source material 

into online data bases. The source material for this transfor- 
mation program is cartographic information in digital form in 
accordance with the product specification for Digital Land- 
mass System (DLMS) Data Base/ICD/100 1  Edition. July 1977. 

DEVELOPMENT OF VISUAL DIGITAL DATA BASES 

Structure of The Visual Data Bases 

The data bare for the CGIVS represents the mathematical 
description of the stylized world. This description is in coded 
form on a storage medium, so that the CGIVS can read it out in 
an online process and can perform further data processing 
tasks. 

The geometry of the "world" is defined by points, lines and 
faces. A pomt is defined by storage of its X Y-, and 
Z-coordmates Two points define a line. By the use nf several 
lines a closed polygon can bo developed which represents a 
face. The CGIVS shows points and faces which are described 
not ory by their geometrical position, but by other attributes 
like c^lor. ".exturmg, or curved surface shading. 

Fiov* As»- 
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The morphology of the terrain is appro>:! mated by triangles. 
(See figure 1.) Outlines and position of tt1e triangles are match· 
ed to the terralr, in an optimum manner. The •lumber of 
triangles, a'1d therefore the Information density of the data 
base. Is a function of the roughness of the terrain. This means 
that the Information density of a plan<~r landscape Is relatively 
small, and for mountainous terrain, it is very large. 

Tllree·dlmenslonal objects can be built out of these faces. 
These objects, In turn, form more complex models. Objects are 
always convex, while models can also have a concave 
character. Objects and models can represent houses, towers, 
bridges etc., which are positioned In the terrain. 

It is possible to divide these triangles Into more faces, In 
order to show changes of ground vegetation and culture 
features by the means of c!ifferent attributes. 

In principle the DBGS enables three methods of data base 
generation: Automatic transformation, Interaction and batch 
(See figure 2). 

Pf\DAR 
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Fiqur•p 2. Data Base Generation Syster" 
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Fi•.tLJr(' 3. Hardware Co1'1fi£)uration 
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Hardware Configuration (See figure 3) 

ltH: ll.ilil n~,.,,, Ct·n,;ration Sy~l!)lll ~~ a ~;Ltnd·alonc corn· 
r"ltt.•r C<'r11pl,;.'< w<trl ,:"mr;uter peripherab. It can be opcratccl 
u:rJept.~.·ndPntly trorn !he sunulator :tnc1 consists of three rnain 
•;<nllp,;: Ct,nputo:r Syst•·rn. Display System. and Interaction 
Sv~t,~rn Or'''i C•.'IIHnercral hardwdrc is used. The system has 
!11·~ f(.1llnw1nq cunf1quration: 

it On.; P.::rf-1n tlnwr 81:32 Min1con1putc•r witt1 1 MB Func· 
t1onal St(Jrauo. Wrrtat,l•~ Control Store ancl Floatlll(J Point 
Ur11t. 

h Onp tvpe AP 1 ;>Ot) Arr<•y Processor dcvelopPd by Floating 
Pc111>1 for P~"allel perlorm;mce 0f tirne c0rn~.uming pro· 
cellures 

•: Two Pt·rK<n Etr:~er Type 550 CRT terrninJ!•: •H!JGh !':1at,;,, 
Slll<!lit<HH·ou~ communication w<th the compilt<, 

tl. One c<:Hrl ruader 11000 CPU) and one l<ne printer (:,oo LPM), 
developed by Perkin Elmer as additional irq.Jutloutp_uJ 
rwripherals 

T·.vo ')!Jack. 1600 l>pt•ndg·tape unl\5 for the tnput of targ•3 
amounts of data. 

1 hret: maqrwttc 300 M B disc drives f;)r thr. storage of 
complet.:d <liit;t llases 

q Twu lfltcrdcti·;e stations. each cunsrsting of 0:1e 
Tl,ktron<x -~01-1· t qr,lph<cs t<.!rminal. <1nci one Tektronix 4954 
rll\]lti:inr; ti\tllt!t for r,<H<tllcl grapt1ical data processing. The 
prcture cont1:nt ot one grapt1ics terminal can be 
documt:n!tJrJ using one Tektronix 4631 hard·copy unit. 

This hardware configuratii.Hl enables the transformation of 
Dlv1A d<Jta, interactive d<•ta base generation and modification, 
as well as batch processtng for tr1e generation and modifir:a· 
tton of data bases for CGIVS and for DRLMS. 

VISUAL SIMULATION SYSTEM/DATA BASE GENERATION 

Data Base Sources 

Tt1r; source rnclti.'rial fur tt1e 0Jta Base Ceneration System is 
diqilal la:1cJr~ass cJata. To satrsfy the tremendous requirment 
for such diit3, t'le military geographical agencies of the NATO· 
countnes h<~ve clt:fined one standardized format in whtch the 
t•ilornJ<ltion on qcoqraphtcal ct1arts is digitally stored. 

There''"-' !Wl) types of DLMS data: tnrrain data and culture 
data. Tt1is iP.toornation for the sam" area is stored on two dif· 
i1~:cnt ll1il(Jnetl<; tapes. Tile terrain d<tla represent altitude rjata 
;,t th•c cross points of a gri<! :;ystcrn. The grid systems are 
llivtdcrJ into f1ve di!fcrent zon·~s accordin9 to latitude. so that 
n:tch square llas an erlge lt>ngth of 100 meters tor the coarser 
lev•~ I of clct;ulilcvel t). ;tnrl 3U r'~eters 1c1r the finer level of detail 
(1(''/el 2\. 

Ttw culttlle data descnbPs the natural terrain structure and 
tt1e artificiz1l cult11ral features of the terrain. There are points, 
lines. and faces defined, which are numbered by an analysis 
code. Information concerning the geographical position and 
dimension. as well as the material category and the identifica
tion code, ts attached. Tt,irteen different material categories 
repre<;r)nt, for example, water, earth, rod<. metal, etc. By tho 
l!se r;f the identification code, characteristics can be dlfferen· 
t''":'''·~ ::- <'"ry great detail. For example, different shapes of 
roo~s or brictqes can be discerned. 

Terrain Transformation 

An alqorithm is used in t11e Data Base Generation System 
which enables the triangulation of DLMS terrain data in a way 
th;:<t ttw advant<1ge of variable information density can be US· 
eel. nw lcgic of tt1is algorithm Is based primarily on "trial" and 
"error". The trials arr. performed for a certain number of 
ORLMS grid·points. for which the stanclard rJevlation and max· 
irnum error in comparison wittl !tl'? trinr1gulated terrc.ln is com· 
put!!d ;:Hid rs compared with definer! maximum values. 

Culture Tr;msformatlon 

The DLMS taco charactE:ristics are p•ojoctc:d on ttt~: 
triRngulated terrain so that a face subdivision IS performed 
The attributes of these faces can be gained from the lnlorma· 
tlon on the material category and the identification code. for 
pc,int features, only the positions will bP. transmitted dum1g 
translormation. During the interaction it must be decided 
whether a line feature describes, for example, a river such that 
a lony stretched face hils to be proiected into the terrain, or 
only a bridge has to bl' shown, which is called uo from the 
model library. 

F<.Jtther data on texturing and curved shading are allocated 
interactively. ·. 

/nteracrion 

In order to correct the deficiencies in the digital source 
material and thvse which have been tntroduced duri;1g the 
transformation program, it i!'l necessary to perform interac• :::Jn 
during the different phases of the data base generation. One 
starts with non·::liqital sourctr" material, as for example 
geodetic ch;uts. air-photographs, etc. The information · •I 
those data mediums are brought in\o the data bases by us·~ 0f 
the interactive station. 

The hardwa~c 01 the interactive station consists of a 
graphics terminal. a digitizing t<tl.ol.;t, and R hard-copy unit. The 
source material is positioned on the digitizing tablei d,.,d i:; 
scanned by means of a digitizer. The digitizing process is trac· 
eel on tho gr<.•ohic<> display. A cursor defines the position of thf! 
digitizer unit. Wit'l a menue attached to the digitizing tablet, or 
by means of the alphanumeric kel(board of the graphics ter· 
minal. additional information can be put in. The interactive sta· 
tion is supported by a complex software package which allows 
one to select certain data as well as to change or input new 
data. This soitware package limits the menue effort to a 
minimum and is user friendly. 

Correction o' DLMS·data 

Before the transformation process starts. it has to be en· 
sured that the available DLMS data are in accordance with the 
convention of the DLMS specifications. Expenence has sh--wn 
that the number of errors which have to be corrected interac· 
tively varies according to the care with which the ctata was col· 
lected. In this phase. single characterstlcs can be changed or 
completefy new characterstics can be added to the DLMS for· 
mat. 

Correction of the Online Data Bases 

All necessary information which can not be gained fror11 tht! 
DLMS data bases must be added Interactively after the 
transformation has been performed. These are primarily the 
lines of communication which, to a certain extent , are not ex· 
lstent In the DLMS data bases. Further data on new faces or 
models has to be added where the transformation rrogram 
shows only non-identified lines or point features. Addlt,.Jnally, 
more models can be superimposed. Finally at this stage. in
teraction is necessary in order to nllocate specific olt: ibutes 
such as color, texturing, or curved surface shading as well as 
the creation of universal features. 

Generation of three-dimensional Objects and Models 

For the model library a complex store of objects and models 
is created. Ttlis Is necessary in order to describe the different 
culture fe<~tures In the terrain. The basic forms of slmr le ob
jects are •ead·in on the digitizing tablets from constn1ctlon 
drawings. T!1ese objects can be varied by simple geometrical 
operr~tlor1s !Ike scaling, mirror Inversion, ro!atlon. etc. Com· 
plex models can be built ·ulfTriteractlvely from differe11t ob
jects. The German Air force and Navy require a complex model 
library. The models Include a drilling platform, mine shaft 
superstructure. chemlr.al plant, coke plant, refinery, 
transformer yard, processing Industries with different shapes 
of roots, scrap yard, rotating cranes, railway stations, dllferent 
types of bridges, open-ended stadiums. family houses, 

. .. '. ~·· ,"'•. 
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castles, residences, hospitals, different types of church 
towers, airport control tower, runways, aircraft parking areas, 
taxi ways drydocks. navigaticn light ship, lignt ho ises, etc. 

Data Base Verification 

The completed data bases are demonstrated on the 
graphics display of the Data Base Generation System The 
geometrical construction of the data bases can be evaluated. 
However, ail attributes are only numerically indicated (code 
tables). In order to get a complete impression of the data 
bases with respect to texturing curved surface shading, color 
and the three-dimensional relationships, it is necessary to 
demonstrate them on an actual CGIVS. By performing this ver- 
fication. the data base will also be evaluated with respect to 
the dynamic appearance. The verification might result in the 
need for corrections, which can be accomplished in one of the 
above mentioned steps. 

Verification of data bases on the real CGIVS is row used on- 
ly temporarily In order to prevent use of the simultors at the 
souadrons :or data base generation, it is planned to extend the 
Data Base Generation System by adding a non-real-time Com- 
puter Generated Image System 

German Data Base Visual Requirements 

For the time being the Gefman Airforce and Navy require the 
following complete data bases: 

a Navigational area oi upper Bavaria, including an airforce 
base and a NATO-standard bombing range 

b. Sea area with a coastline 

c. Seaport 

d. Complex model library The generation of simple objects 
and models has been mentioned before. Mc re complex 
models to be designed are. 

- Fighter aircraft 

- Transport aircraft 

- 1 anker aircraft 

- Typical kinds of ships 

■ Ground vehicle (heavy) 

- Ground vehicle (medium rvavy) 

By the mid 1980s the German Airforce and Navy will create 
their own data bases in a common data base generation 
crnter using the equipment here described. 

RADAR SIMULATION SYSTEM DATA BASE GENERATION 

The Data Base Generation System also makes it possible to 
generate data bases for the Digital Radar L andmaps Simula- 
tion (DRLMS) System. In order to gam a DRLMS data base, a 
transformation of United States Defense Mapping Agency 
(DMA) source data is performed. The system allows interactive 
modification of the DMA data bases or the generation of new 
data bases from topographic charts. The same hardware is us- 
ed for generat'on of both the radar and visual data bases. 
Verification of completed data bases is performed on an ac- 
tual DLRMS. at least for the time being. 

Automatic Transformation 

The on-line DRLMS data bases are produced from the 
source material by means of a translator program wherein the 
grid format is automatically transformed into a compressed 
vector format. The translator program consists of two parts: 
the terrain transformation and the culture transformation. 
Both processes are performed separated and the information 
is later combined to achieve the on-line DRLMS data bases. 
The transformation program uses a variable compression 
technique w:;h the following characteristics: 
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Figure &.  Generation of Data Base? 
for Trainir.3 Simulators 
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The terrain is approximated by plane faces wb'oh are con- 
structed with lines ('vectors) One vector indicates a cnange in 
the elevation. The number of vectors which are necessary to 
model a given terrain is dependent on the r Highness of the ter- 
rain and the required accuracy of the image 

Isolated objects such as towers and power pylons are defin- 
ed as point targets. Point targets can be identified by their 
radus. their height above ground, ana by their directional or 
nondirectional reflectivity characteristics. 

Characteristics with length dimension [e.g., bridges, streets, 
etc ) are def.ned by line segments. Height above ground and 
reflectivity data can be added. 

Large area features tike lakes, irregularly shaped buildings. 
3tc. can be defined by multiple line features. Height and 
reflectivity data are added. Each data point ihat is stored in- 
cludes information concerning position and height in respect 
to the foregoing value. Therefore all of these values can he 
defined is vectors. In comparison to code techniques with 
constant grid distance, the variable compression technique 
results m a substantial saving of storage capacity. This allows 
a much better and more realistic image in systems of com- 
panable storage capacity. 

Interactive Data Base Modification 

After naving performed the first step of transformation, the 
data base can be improved interactively. In addition, there is 
the possibility of modifying existing data bases by subtracting 
or adding parts Of changing »he reflectivity. Dimensional 
characteristics can be added and features can be changed in 
respect to iength, width and height 

Interactive Data Base Generation 

An aoditional program of the DBGS allows data base 
generation without using Defense Mapping Agency Data In- 
teractively generated terrain data are formatted in a way that 
they are comnatible with data received from the automatic 
transformation program In addition, interactive generation 
and formatting of cu!ture feature data can be performed. 

Verification and Requirements for Radar Data Bases 

The data bases gained from the DBGS process can be 
verified by means of the actual DRLMS. The same applies for 
modified radar dafa bases   Using the DRLMS. the realistic- 

dynamic appearance is evaluated. However, in order to use the 
actual DRLMS only f ;r timing purposes, the Data Base 
Generation System will be extended by compu'er peripherals 
so that the verification process can be performed with the 
Data Base Generation System. 

At present, a realtime DLMS data base is required for upper 
Bavaria. 

Visual and Radar Data Base Correlation 

Visual data bases as well as radar data bases are developed 
by mdi .try with the assistance of the user Figure 4 shows the 
data base generation for CCivs and DRLMS systems. By us- 
ing identical source material, correlation o' the displays for 
both simulation systems is possible 

ABOUT THE AUTHORS 

Lt. Col. Mcntred HAAS is assigned to Headquarters. Ger- 
man Air Force. Director Air Armunent. and is staboned at Col- 
ogne /.here he is the- officer responsible for simulator pro- 
grams including Flu-, F-4F. RF4E. Alpha Jet. and Tornado He 
played an active role in evaluation of the digital visual system 
and radar system for the Tornado training simulator Lt. Col. 
Manfred Haas was formerly an active F-104 pilot 

Mr. Diether ELFLEIN is a senior engineer in tne German 
Government service. He participated in a number of interna- 
tional program.'--. He is now a member of the Program Office 
MRCA (Tornado Aircraft) and is responsible, among other ef- 
forts, for the operational flight faming simulator. Mr. E!fie;n 
holds a Masters Degree in Engineering from the Technical 
University in Munich. 

Peter M. GUELDENPFENNIG is Program Manager. Training 
Systems, for ?he Dynamic Division of Messerschmitt Boelkow- 
Biohm (MBB), based in Munich Prior to this, he was head of 
the Navigation Department at MBB and has been actively con- 
cerned with simulation systems Since 1971 Mr Gueldenpfen- 
nig holds a Masters Degree in Aeronautical Engineering from 
the Technical University of Berlin 

235 

.T.-jj-^..-  -.-—*-:,. 



10 
r-"'~ 
'~ · .... ~ 

0 
c 
~ 

ANALYSIS Or FID~L!TY ReQUIREMENTS 
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ABSTRACT 
·--,,' 

-"laintenance training simulators have proven to afford equal or superior 
training ,,~ a lower life cycle cost than actual equipment trainers when teaching 
tr,ouhleshooting b."~ed on front panel indications, failure symptoms and some in
drawt•r visu11l indic11tors. The purpose of the study was to determine the effects 
,,f two-dim.-nsional and three-dimensional fideliLy of simulation and thr~e levels 
of reducPd accessibility to test points during training, on student trouble
shooting performance w'•i le locating faults at the component level. A total of 
186 stLtdents weroc> ol:-served and tested in the ET Svlice modules of a Navy Basic 
Elo•ctricity and r:lectronics course. Conclusions are dra<:n about the relative 
training effectiveness of simulated and actual boards and recommendations are 
madP in sel~cting active test points on simulated printed circuit boards. ~ 

1' :<<mUG\"'' Ccoobl,hoo\ iog lo lh• 11o1 lm t, while 

ov~.-:-r the last few years, 
rna lntenanc·~ trainers have 

computer simula
made significant 

itH•l3'h against .1CtLtal ••quipment trainers 
(:\ET's) tn hands-on elt•ctronic maintenanc~> 
trai~ing. Simulators have proven to provide 
equal or superior trai~ing at a lower life 
eye!., cost w!H"n c.,nching troubleshooting based 
on fr\Jnt pant•l indications, faitur~ symptoms 
qnd sor~~ i.n-dr3wcr visuul indica·:ors. 

'lowever, in the ,1rea of hand~-on trouble
sh•J·Hing t•l the component level, the relative 
~ost-effPctiveness of AET'R versus simulation 
train•_,rs ts not clearly understood. Actotal 
0quirmen• trainers are a higher fidelity simula
tiL111 ,,f the field ''quipment and theoretically 
~h,?uid p:~Jvide bett~r transfer of tr~ining. 

However, hi;;h AET purchase costs and lower 
r~li~bility leads to high life cycle costs. 
Trainers generally have a lower life cycle 
cost, but tht>se savings are accompanied by a 
reduced fidelity of simulation; especially a 
r.->dl!ced number of test points, Simulation 
enginf'ers indicate that if all test points on -If 

circuit board (50-100 points) are simul~ted, 
the complexity of modeling the corrdct test 
P.quipment readings for each failure at every 
point becomeA prohibitive, 

~nother difference between AET's and 
simul.1tion train<>r~ [g thar. tr:tiners may uti
l.iz" .1 photograph of ·a circuit hoard with test 
potnts AvailRble in ap~ropriate loc,1tions. The 
trnin\ng ~ffect~ of this reduced fidelity of 
simulation have not yet been determined. 

Tht.> gen,,r,tl .3r.~umpt ion is that AET is more 
co.qt ly one\ roff.,.ct iv<> in tntining for 

~ imul1H i<ln trl inoHY are tess expena ive and less 
effective due to the limited number of test 
roints and reduced visual fidelity. The ques
tion is which one 1s more cost-effective, 
Engineers can estimate the cost of a trainer 
for various numbers of simulated test points 
and visual representati~n ba~ed on previous 
experience. The quest ion remains as to the 
relative effectiveness of a trainer depending 
on the fidelity of simulation and number of 
test points simulated. The purpose of this 
study was to de~ermine the transfer of training 
to actual equipment derived from training on 
modified printed circuit boards with varying 
numbers of simulated test points represented 
photographically and in three dimensions. 

METHOD 

Initial Data Acquisition 

In it ia I data were collected to determine 
the points most frequently probed by rasic 
El~>ctricity and Electronics (BE&E) students. 
These initial data wert!_required in order to 
select the points to be exposed during th(' 
experimental phase of the study. 

Students were categorized as high, medium 
and low proficiency levels based t>n prerequi
site course completion time, Trainees were 
obsl! rved during norma 1 coursework and trouble
shoot ing les~ons, No changes were made in the 
current curricul~m except for the additional 
troJubleshooting session at the researcher's 
table. The observation of troubleshooting 
behavior resulted in the following data: 

1) number of trainees probing eaLh tPst 

t 
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1Lt,8lE COPY 237 



\t'll,J; :! 'I.'• 

~-l~hj.•.·t~ tn t!J·· ··xp•·ri•nt·nt:ll ..;ttlliy.· Wt'ft! 

r ... :~.·.l q•:l::1•. •:J··diti.•d ;Jl'ttJ.'tl •'<J<.tip<~J··rH tn nrd1•r 

'. 11,1(\i.,: •· ~ ! ; ' ' I ' '( ! I I ' ! l •-i I ' 

t'. 1n ~ r,' i 
t1 t \' r ,.,, t in: ..... , 'ill fl wa r.• 

:I,)\" ~.1.1'.•• t ,, ·;p~·~· i ·1 I i zPd harJwar,··. 

llt•rm:l! I v u~:·•d 1t1 the !' t·; 11 ·- ,.,J · t r.· 1;:: h••:l r d ·: 

l 0 
( I !_ I ' l \ ~ t , \ 1 by 

--;\t.,t·t ,··•JJr··r wLr·· t•> tht• tt"'St 

~lJt· h,J:Jrd:-; w··r.• spray··d wlth clt"'ar 
',' • I ~ . 1 i ·.; 1 \ t ' I p] \("•' o~:l ill'>'l!.il itH', t'd:lt lVt•r till) 

···.·.!:•-· 
•< p·•tt•nt ~:11 :- ... ..;t P•'l:1r'"i, ,•xp.·rirn··nt:11 
<~~ :.·--;t •.;qhj··ct~ Wt·:·,. tr:Jin,•d \.o.'ith 

!llln::)l'~~ ,;f "i:.._'.._'~o..;..,lhJ,• t•·'->t r•)lnrs f,}r 

, . : l l · ~ • · · · ...; I : i 

! !Jt• h(),j :·..! 

'!Lt· ft-"·;t roi:H--. m:1d•• ~1 ... ~Ct"'S

;~t-.~b,·d ;.,._ .. 33~ .. , •J7.0~ ~1nd t()O~:. 

~i:,· il:ltltl d:ttl ~~·lth,•ring 

F i g11 r·· 

~)I 1 l :1 t -~ ') \~ "~~i,.!.h fidt·tity, 
t :1!·,• ·-,lllll•'tl'-~ i,;q S i1Tltll:lt it of! llf 1 PC board. 

r; i ?.!1 r.· 

238 

Tlw IH)Cird rnodific:tti•Jn in l'iY,ur·· 'L 
simul:!l .. s th1' ,.[f,.cc of varyinv. numiH•rs uf r••st 

pninrs rJn ·1 photo 1~r<'tphic ~imu~.1tinn of ,J I'C 

bo,.rd. r\ piH>t•>graph llf tl11• I'C honrd wa·; 
monntt-'d nvt:>r thP actu:il btJard. Tr•Rt point~; 

wt-r._. crt..'at·~d by pl.:~cing .1 hnl, .. in tiH• 
photogr:-1ph, proj••c t i.n~ tlH• coppt~r wi r ... t hruuKh 

1 

and c <HI t i n g i t w i t h v ~t r 11 i s h • T (! s t po i n t "' WP r ~~ 
tlwn m:t•l•• .1cc.•ss iblc• by cutting away th" 
co;Jt in~~ in tile ~L1m,=- rnanrH~r as above. 

Tab J,. ind icntes tht• numlll'r uf !Ytlt 

points '"""'' acc.,:sibl•· on tht• FM Kadi•> Second 
[F ,\mpl ifi<·r Board. Faults were grouped tngt•th
,~r :-;uch tli.:lt tht• r•.·quin~d minimum prnbt· points 
would havt: ~~ 90~~ uv•:rltlp. The ratio b._.tW<··~~n 

.lCCt~ss lhl·· points and tht~ minimum numb"r 1>f 

point' r•'tptir,;d wa~ 4.)0:1 for 100% .:JC<'<'ssibil

ity, 2.75:1 f<>r r,n .1ccPssibility, and l.hO:l 
fnr Jr: an·.,ssibility. 

·:<?st Point Acc.,ssibility 

F'1 2tHl/IF r\mplift<?r Board 
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F :w l t T ,. s t s A c c •' s s i h 1 e 
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Using ll:tlf-Split Tc•cltniqll<' 
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t :w ET 

r\ total 
in data 

A two-w:ly :1n.1lysis of varLCJ!lCt~ dt)~·ign (st-•e 
Figtlf~ ~) W.,"IS used rnr thP m:l in indt•pt.l!Hi·~nr-
V<lt"iabt~'S ,,f fidelity (actllal hoards vs 
photographic bo:1rds) and three l•'V•:ls of t>'St 
po> in t n v :t i t :1 b it i t y ( I 0 0% , (,rt., 3 J !~) , w i t h a 
control group (unmodified bo:Jrds) • 

. Thret'! difft..:ort~nt circuit bo.:.~rds W• 1 r,~ uti
Lit.•:d in tht• study; <Ill FM l{.tdi,, First [F 
Amplifit>r bo:trd, FM !{;~din S,•cotHI [F Amp!ifi,•r 

:Jo;trd and .1 Powc·t· Supply D<):trd. Each h.1d tltr<'e 

f~qlt group 'ty1ws. Tr.1i.nP" profici,'II<'Y l<'Vt!l~ 
w(~rt.> m<ltcht1 d ft)f t"'.1Ch tre~1tmPnt condition. Tht~ 

<i~.•pt•ndt.lntvvari.1hles wer~~ numh,,r of te!4t pnints 

prubt.)d 1 t lm1.l tl} pr•1b0, and numht'r 1lf trip.~; tll 
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!dclli·~~~tinn. In ndditi,,n to the m11in experi-
111•'1\tal ,•fft·~ts, tht• trouble~hooting logic usec1 
bv traint't.~s w.1s ~.~x.:11nin~•d. Tht~ logic W'Lt~·-
''X,·trnint•d for di ff,,r,•nces by 'experimentnl 
trt>;ttm,•nt, 11s wt•ll as an!llysis of what types of 
:-ttr:1t1·~i\·~ Wt•r\' ust:ad most cnn~istPntly and 
l' r f •• c t i v ,, 1 y . 

!'id 1i c ty 
Two ( Three 

-- ~r'"""'"""' 
Dimensional 

100% 

' 6i'% Test Points 
Exposed 33% 

Cont r .1 --

''Elich cell balanced with 3 levels of pro
ficiency and 3 fault groups. 

Experi:ntlntnl Dt-:-sign 

Procedures --------

\..'hl'n the subject tr~ti:h:aes 'Nt.?f'~ rt:•ady for a 
pract i~.~t:> Sl'SS ion Pn one of the boards us~d. in 
the ..;tu(~y, they Wt~re .:H:>signed tJ the re~H~arch 

st:1.tion. Th~: .... t:·x~erimt)nter gavt" the traine-e a 
prc'-bulted bo;vd modified t0 l.lnc· of the seven 
trt:'atment conditi0ns. Subjects proceeded to 
truublt.~shoot the· board and take their ex~rcise 

sheets tn the school's learning supervisor for 
grading. ·rhis step w~s repeated with an identi
c:tl hoard .1nd tr·t•;ltment condition, but a differ
ent fauLt. When the ll?~lrning supt.."lorvisor 
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d.•t.P.r:nino>d the subject had mastered the board, 
the tr11 inlle wad given an unmodified board to 
troubleshoot, This test was the crirerion 
pet·formance to measure transfer of training to 
actual equipment after practice on modified 
boards. 

During the troublesho,ting of both mod
ified and unmodified Loard&, the experimenter 
recorded: the number of probe~, probir.g time, 
suhjPct commt>nts and all other applicable data, 
Tlwse data were then analyzed to determine the 
t•aining effects of simulation fidelity and 
test point availability on troubleshooting 
behavior using actual equipment. 

RESULTS 

Probes and Time 

At the time this paper was prP.pared, 
ana lyses were completed for the FM Rad iu Second 
IF Amplifier board only. Results for the other 
b0~rds will be reported at R later dare. 

The primary measures of effectiveness were 
number of probes and rime required to locate 
the fault. Figure 4 exhibits the effects of 
percent points avai !able, fidelity and student 
pro fie iency level on these two measures during 
ct iter ion t••sts on 3ctual equipmt>nt. 

Students tended to probe fewer times and 
loc.~te the fault in less time when trained on 
the bo3rd with 67% of the points accessible. 
However, this difference was not statistically 
significant. Students tended to probe fewer 
times and locate the fault in less time when 
trained on unm,,dified boards 3s opposed to 20 
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:1nd lil htJ.Hds, Thi' dift';•rt>nce> was not stntis

tic:!lly si.~J.nific:tnt. fligh pr•Jfi•:i.~nry studt•nts 
!.lc;Jto•d tht• L!lllt in signific:1r1tly 1.-.•s tim.-
( p-:<;0. rJr;h) 1 hut numh,,r tJf prt>bt:•s w:1s nnt 
'i;•,nif'ic;J<ltly :lfft>ct.•d hy pr.dici.•ncy. 

Tht•r·,. w:1s .1 significant intet·Hction 
(p~ll,r)!) bt•tw.• .. n fid••lity uf ~imul.1tion and 
P•'rt.'t>nt fH)inr..:; ~Jcc.'ls~ ibL"' dnrin~ tr;lining on 
:JtJr1~h' r , ~ f prl) lH),:-; in t"t.l-" t i ng \. Students l r,1 i nt-d 

'"' lw(l-dimo•nsiolfl:il h<J,lrdR with 67~' of the 
i'''int.\.\ dct..·,~~•"iblt• hnd tit,• f,•wt~Ht numb·~r of 
Jlrtll,,·~• i:1 tt':-:;t lng. 

A Chi :~q!!.ll-~· t\~1.1l::~i-~ ut .;tud,•nt trtJI:bl~
.:::t,'t•tln~:• .. •"iJ•.'•'t'S'> (St•t~ rahl•.> :>) f0und fl('l "ifqif
'· "''. diiC,•rc•llc··· !p~n.t7) 1n L111lt di.lgll<>~is 
::·:··, .. :_..; r·,~~· h,•t~,o,·~·~·n sttHJ··!lt'l tr;tl'lPd tHl two-

,!im.•n...::i .. \;J~Il, t:lr··l·-:Jim,·n~iC'I1~li .1nd unm\1difi...,d 

')•':l~·c!~;. !'ht•t-.~ w:1~ :11-..n fl•l signit-ic;lnt differ
·~.._·,· (p""·:).~q) b.•tw''t'll stud1•nt•-o tr~tinPd c'n 

i~\•"t<~d i ~ j •'d hr.Llrd~ .Hhl t!Jt..Pir.' t r:'lltH.>d with -~)t, 
.-·1 n d l:) 0 ·;:, ~- 1 ·;.; t po i :1 r .1c (~ t-' c:: s l !" i 1 i t y • 
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T!~t• ~p,•t:·itic P•Jint~ prl,bt.~d by stud~'nf"s 
d,,r·ing pr~rL)rm:Hl<..:t> t"t:lsts wer-e an:llyzt~d in ordPr 

l1' pr.)vidt:• guidanct:• to ~~nginPt'rs in selecting 
\.,•hi,:h ptlinr'-> stud••nt<.:; art· mdst likely to prlJb•-•. 
An.-Ily~;es <!ddr .... ..:;s0d truub1eshoo~ ing, lngi~ and 
._·h~1r·1cttc•r lst ics ~Jf points prt}bt.'da 

lhf• sceqtu•nc,•q of probes for •'ach of thp 
pt·rt·,,nn;tlh't 1 !'P.:;ts wert .. nnalyzt"d to d('•t~rmine 
whi.:.:h trtnd.llt..~Sth)•)ting <:>tr~lt~gies were 

b'' the -:;rudt~nts. Rt..~sults appe.:tr in 
[!··:i.nit.i.nns ,'Jf tlH'Sl:-<;trat.t•.~ies .:'lr~: 

uti t i z f>d 
Table J. 

Half --Spl it Test'ng the midpoint between 

good and bad signal until 
fault locatPd 

l.itw<ll' 1/0 Tt'sting output uf •'ilch 
circtlit 

L i n<'.l r 
Tr.1cing 

Te~ting components seqtlen
t i a l 1 y un t i 1 E.1 u 1 t y s i gn a 1 
found 
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l'es t i ng tlt1 t •·~~~ t t~d Ct)mpO!H~n t 
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THE INTEGRATION OF VIDEODISC, CAI, AND 3D SIMULATIC 
FOR SKILLS TRAINING 

James R. Stonge, Instructional Systems Engineer 
Grumman Aerospace Corporation 

ABSTRACT 

Training in maintenance skills has become increasingly more important as the cost of re 
"or maintenance personnel have risen. More effective md efficient s ;xperditi parts and 

ing hcs been identified as a means to linnt costs through fewer false repairs, shorter down 
decreased numbers of personnel required for maintenance. Advocates have championed various 
devices for this training, to include in different ::ormsY. actual equipment, flat panel simu 
dimensional simulators, videodisc, and computer assisted instruction. -^This paper discusses 
grat.on of interactive videoaisc, computer generated images, and three-dimensioral simulatio 
system concept for maintenance skills training. Different types of maintenance skills are i 
along with the methods and techniques for training those skills. Implementation of the meth 
techniques in an integrated system is presented, to include the means for providing modeling 
practice, cueing anG prompting, feedback, and evaluation. Two different systems are i'dentif 
rationale for the differences is provided, and the advantages each has in intended use is sp 
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INTRODUCTION 

The tre.ming of 
alway been of critic 
blems have become eve 
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suited in increasing! 
Additional'y, the cos 
expenditures for main 
Of particular concern 
tenance training is t 
efficient troubleshoo 
costs through fewer f 
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courses and increasin 
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ror training be maxi 

maintenance personnel has 
al importance. Training pro- 
n more acute in the recent 
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y complex equipment. 
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alse repairs, shorter down 
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g student/instructor ratios, 
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This paper addresses the some of  the diffi- 
culties associated with maintenance training. It 
first addresses the types cf skills required of 
the maintenance technician.. It then discusses 
maintenance training from the standpoint of the 
learning curve and talks to the media and methods 
thai have traditionally feeon used to teach the 
trainee at each stage of learning, finally, it 
discusses the use of an integrated system concept, 
made possible by recent, technological advances. 
This technology has been applied to maintenance 
training, and this paper describes two systems 
that have beer  developed to apply the concept. 

MAINTENANCE SKILLS 

n 

.__J 

TABLE 1 
Samplo Maintenance behav'ors, "iss i le Maintenance 
(Acjpted from AMTESS Phase 1 Final Report)^ 
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It is evident that there are many enabling 
skills and knowledges that the trainee must have 
before he begins to acouire the specific mainten- 
ance skills listed in the table. The enabling 
skills include such things as terminology, com- 
ponent locations, functional system knowledge, . 
use of technical materials, and basic electronics. 
An effective and efficient maintenance technician 
must possess both of these types if  skills. 

MAINTENANCE TRAINING 

The training of maintenance skills his been 
a difficult proposition. From the standpoint of 
a training system, the student must bp taught 
each of the many types of maintenance skills. 
Lach type of skill must be taught in a way that 
is consistent, with its nature. In addition, the 
synergistic nature of the maintenance environment 
requires that the student be taught to use all of 
these skills as an integrated whole. 

Learning Stages 

The acquisition of knowledge is almost always 
a gradual process. As Myers^ notes, *.he classi- 
cal learning curve can be diviaed into three 
learning stages: acquisition, consolidation, and 
evaluation. In the acquisition stage, the student 
gains an initial familiarity with the subject 
matter,  in the consoliciation stage, he gains 
criterion competency. His at»iVly to reform is 
tested in the evaluation phase, and administrative 
decisions are made on the basis of his performance. 

The application of this staged process in 
maintenance training is clear. The student she.Id 
first be guided in the acquisition of basic 
knowledge and skills using techniques that are 
appropriate for this type of learning., This is 
followed by practice that requires the use of 
these skill  in a realistic "'diner, "he cues, 
prompts., helps, and remediation used Juriny this 
practice should gradually be reduced until the 
student is able to perform at a criterion level 
using only the materials which will be available 
to him on tht job. 

In looking at equipment naintenance holisti- 
i. ally, it appears that the acquisition stage 
addresses the enabling skills and knowledge dis- 
cussed above. These skills a"j knowledges are 
primarily cognitive in nature, though they are 
certain to include some psychomotor elements as 
well. Fhese types of behavior can usually be 
taught using low fidelity representations such a* 
textual descriptions, line drawings, photographs, 
motion picture., and other two-dimensional media. 

During the evaluation stage, tne student must 
be able to perform complex cognitive and psycho- 
motor behaviors. The emphasis in this stage is 
on the student's psychomotor activities, since 
his cognitive processes are ncrmal'y manifested 
in his actions. Thus, tes'i^ the student's 
ability requires the use of so-'e higher fidelity 
three-dimensional medium, such aj actual equipmt^t 
or   a simulator. 

The consolidation stage provides a trans'lion 
between the primarily cognitive acquisit;on stage 
ä<^  the primarily ; sychonotor evaluation stage. 
although the student learns about maintenance in 
the acquisition stage, it is in the consoli- 

dation stage that he actually learns to do main- 
tenance. It is here that he will gain knowledge 
of the synergistic aspects of the job he is to 
perform. The gradual fading of cues, prompts, 
etc., inherent in this stage, necessitates the 
concurrent use of both low fidelity two- 
dimensional media and high fidelity three- 
dimensional media. 

Methods and Techniques 

Various methods and techniques have proved to 
facilitate training of maintenance skills. Media 
selected for training must be capable of incorpo- 
rating these training aids. Examples include 
guided practice, modeling followed by immediate 
application, and realistic representations of mal- 
functioning equipment. In addition, those proven 
methods and techniques common to all successful 
training should be available. This would include 
capabilities such as self-pacing, remediation, 
cueing and prompting, and branching. 

TRADITIONAL TRAINING MEDIA 

Media traditionally 
ing have met the requir 
of maintenance training 
success. Successful tr 
well-designed instructi 
using media appropriate 
which they have been us 
dimensional media have 
most often when used in 
Actual equipment ?nd t!i 
have been successfully 
Appropriate integration 
media has resulted in s 
sul'uuticn stage, Unfo 
gration has historical 1 
achieve. 

Acquisition Stage 

used for maintenance train- 
ements of the three stages 
with varying degrees of 
aining has occurred when 
on has been delivered 
for the Teaming stag in 

ed. Pr^nt and other two- 
been successfully employed 
the acquisiton stage. 

ree-dimensional simulators 
used for evaluation. 
of the use of lv  ana 3D 

ome success in the con- 
rtunately, this inte- 
y been u rffic^lt to 

A wide variety of two-dimensional media have 
been used effectively in the acquisition stage. 
These media include various print materials, 
e.g., textbooks, programmed texts, and workbooks; 
photographic materials, e.g., photographs, slides, 
movies, and video; art work; ana audio materials. 
Perhaps the most powerful cd  medium in existence 
at present is tht relatively new technology which 
combines the use of interactive videodisc and 
computer graphics in a single device. 

evaluation jtage 

Historically, the preferred 3U "ediu" tor the 
evaluation stage has b^^  actual equipment 
trainers (Alts). Limitations inherent in using 
AETs ^i\'e  resulted in the growing use of si v 
lators. These simulators nave included various 
levels of phy ical and functional fidelity, 
ranging fro- low fidelity flat panel simulators 
to high fidelity 3D replications of actual equip- 
ient. The degree of fidelity required is a 
function, of the tasks to be evaluated. 

Conjoj idation atage 

The consolidation stage requires -Se or both 
tL and 3D media. -*ny of the "cuta identi- 
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fled above can be us^d effectively in this stage. 
But, it is apparent from the requirements for 
this stage, as discussed above, that all of the 
media used in this stage must work together as a 
unified whole. This requires the use of some 
intelligent controller to coordinate the student's 
interaction with all of the mecia employed. The 
use of an instructor as controller is inefficient 
in terms of both „ime and money. When administra- 
tive factors dictate a high student to instructor 
ratio, the training can be ineffective as well. 

Recent advances in technology allow extensive 
use of computers in the consolidation phase. Com- 
puters are used to control 30 simulators, to con- 
trol videodisc players, and to control other 
peripheral equipment. This allows the use of the 
computer as the intelligent controller in the con- 
solidation phase. This mix of 2D, 3D, and com- 
puter as cent oiler is likely to be the most 
effective means of providing training in this con- 
solidation stage. 

INTEGRATED oYSTL'-i CONCEPT 

The above discussion indicates the need for 
a system which integrates the use of  both 2D and 
3D media. Such a system could be effectively 
used in all three learning stages. The 2D portion 
used alone could be used tor acquisition appli- 
cations, while the use or the 3D by itself would 
suffice for evaluation. In addition, the inte- 
gration of the use of the two in various propor- 
tions would make it a potent, cost- and training- 
effective instrument in the crucial consolidation 
Stage. 

Until recently, technology has not been 
available which would allow the integration of 
2D and 3D media into a irified system. Recent 
breakthroughs have allowed the Grumman Aerospace 
Corporation to design and construct two such 
systems, and they are Currently under operational 
evaluation. 

AMTESS 

The Army Maintenar.ee Training and Evaluation 
Simulation System (AMTL3S) is a generic main- 
tenance traimng system developed for the U.S. 
Army, Project manager for Training Devices. The 
version er" AMTESS developed bv Grumtnan ♦ 3 con- 
sists of two modules: a student station and a 
2.-  simulator :i,ee Figure 1). Tnese 'wu modules 
can be used a^ independent elements, or they can 
work together as an integrated sy^te"1. 

3D Mcdule, 3D sim 
system or training 
cause each module t 
it simulates would 
conditions. These 
the correctness of 
lator provides the 
to manipu1 ate <ontr 
troublesnoot malfur 
physically and furn 
actual equipment. 
a microprocessor or 
abnormal i 'id i :.a; i jn 
and indicators, 

lator modules can be either 
program specific. Math models 
o react as the real equipment 
under both normal and degraded 
models make no judgment as to 
student actions. The 3Dsimu- 

technician with the opportunity 
ols, observe indicators, and 
ctions on equipment that is 
tionally representative of the 
Computer control of the 3D via 
ovfdts all of the normal and 

of all components, controls, 

iwo different prototype 3D modules have been 
delivered and currently ^ri:  under evaluation. An 
automotive module designed to train generating and 
starting system troubleshooting on the MlluAÜ 
self-propul led howitzer is at Aberdeen Proving 
Ground, Maryland (See Figure d),  and a missile 
module designed to train troubleshooting on the 
transmitter of the High Power Illuminatoi Radar 
of the HAWK Missile System is at Fort bliss, 
Te\as. (See Figure 3). 

Figure .. AMI ESS Automotive ;. 

r igjre 3 AMTEiS Ki*si I« 3. 

Figure ] integrateo AMTESj Modules 
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2D Module. The 2D module can be used in a 
s'.and-alone mode, or it can be connected to any 
3D module for tandem operation (See Figure 4). 
Two-way communication between the student and the 
2D is accomplished using a color television 
monitor, which can display videodisc and/or com- 
puter generated images. Student 2D responses 
are registered through a touch bezel attached 
to the TV monitor. The videodisc player, TV 
monitor, and touch bezel are all under the con- 
trol of a single microprocessor with dual drive 
floppy disk. When operating "*n tandem, the 2D 
processor also controls the 3D simulator. 

Figure 4 AMTESS Student Station 

The 2D can be ^r,ca for various types of in- 
structional activities, e.g., presentations, 
tutorials, or drill and practice. Various in- 
structional techniques can be used *.o facilitate 
siudent learning. For example, modeling of ex- 
pert behavior on the 2D can be followed by 
immediate student immitation Q*  the modeled 
behavior on the 3D. The 2D can monitor student 
actions on a continuous basij. it can branch 
to proviae specific guidance, remediation, and/or 
feedback as appropriate. 

US 

The Tactical Jamming Sustem (TJb) trainer 
*vr  the U.S. Navy's EÄ-63 aircraft was developed 
tor the '»aval Air Systems Command, and has been 
delivered to the U.S. '.aval *ir Station, Whidbey 
'siand.4 While configured somewhat differently 
\h&r\  A'-'TLSS, the TOS contains the sane elements, 
i.e., videodisc, computer generated graphics, 
student response touch bezel, computer control, 
and 3D simulation. (See Figure 5). The TJS 
trainer is weapon system specific, and although 
it could be ;nodi*'ied for other applications, 
e.c,'., the training of operator procedures, it 
was developed to dduress TJS '"iintenance train- 

; ig requirements, 

SYSTL" TRAINING CAPABILITIES 

Integrated System Trainer* (IsTs) are an 
answer to the requirement for concurrent uie of 
2D and 30 ;_edia in the consolidation stage. 
Having both 2D and 3D capabili ties, they a Ho 
have full capability for use in t'?e acquisition 
anj evaluation stage*. The ability to deliver 
that training using a variety of nt'hods and 

Figure 5 TJS Maintenance Trainer 

techniques has been demonstrated in the lessons 
developed for the AMTESS and TJS systems. The 
following paragraphs describe the ways in which 
various features of tha ISTs have been used. 

The heart or an 1ST is the computer in the 2D, 
which controls the student's interaction with c.ll 
elements of both tne 2D and 3D modules. It mc.i- 
tors his progress and provides cues, prompts, in- 
struction, knowledge of results, and help to the 
student in accordance to developed lesson 
materials. The student interacts wi"h the I'd 
using the touch bezel attached to the video screen, 
ana his manipulations of the various components on 
the module are reported to the 20 computer „sing 
the communication lines between the modules. 

''IV. vv   tUi'     wuKwWiiiwjr     v.un     - -      w J v w      k. \       p<^.. 

audio, visual, or audiovisual sequences, 
audio channels on the disc permit additic 
flexibility o^~  use. 

!W0 
al 

Computer generated graphics extend the capa- 
bility of the videodisc, and provide a quick an. 
vi)>y  way to update lessons. The gen-ration of 
these computer presentations is under 22 computer 
control, so the messages can be tailored to indi- 
vioual circumstances. Communication between tit 
20 and 3D computers allows tne syste to call up 
vioeo anc computer graphic if^aues in response to 
student actions. 

wie of the 2J compiler as the executive oer- 
-its the two parts of ihe syvem to be -sc~" in a-v, 
desired proportion. This tl-jxibility allows 
le^on "aterials to be tailced to the specific 
requirements of each leaning stage. 

This not only increases instructor reli- 
ability, and consistency cf ','i ^T,, it permits 
the instructor to use ti~e more ef: icieritly. 
This allows the instructor to  become -"ore of a re- 
source 'i^ ■*?<:*',  us,?";i all of his available too lb, 
jno additionally frees tne instructor to spend 
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time with those students who would best benefit 
from that direct interface. 

During the acquisition stage, videodisc 
images and computer graphics have been used ex- 
tensively to provide cues, prompts, and reme- 
diation, and for student requested nelp sequences. 
Various levels of help have been made available, 
with alternate paths based on student performance. 
Relatively speaking, \jery  little use of the 3D 
module has been i,ude during this stage. 

During the consolidation phase, the student 
is weaned from cependence on the 2D. Fairly heavy 
use is made of the student station early in this 
stage, as it guides his interactions with the 3D. 
By the end of this stage, however, the student 
interacts almost exclusively with the 3D and 
interacts with the 2J only when he specifically 
asks for help. 

In the evaluation stage, the 20 continues to 
monitor individual actions to maintain records of 
student performance. The interaction monitored 
will be almost entirely with the 3D, and vir- 
tually no video or computer generated messages 
will be used. 
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THE FUTURE OF SKlLeS TRAINING 

ISTs arc currently being evaluated for train- 
ing effectiveness and transfer of learning. Their 
potential for providing effective training in all 
three learning stages will be realized as lessons 
are developed which use th. diver?ity of methods 
•jnd techniques available, and are applied across 
•< wide range of training programs. 

New applications are in progress. Tech- 
nology for training devices is constantly im- 
proving. Microprocessor technology continues to 
grow.  The new generation of videodisc 
development will l:kely include single frame 
audio anc programmable videodiscs. Integrated 
Systems Trainers are the future of skills train- 
ing. 
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A COMPUTER-BASED JOB-AID FOR 
MAINTAINING COMPLEX MILITARY HARDWARE 

David Stone 
Davie Mudrick 
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Hazeltine Corporation 
Mclean, Virginia 

ABSTRACT 

0 
-~he task of ~aintalnlng complex mil ltary hardware In the field has become a 

major prob I em facIng a I I the m II I tary scrv Ices. ContrIbutIng to th 1 s ;>rob 1 em 
~re the mass of highly technical and Instructional ly Inadequate manuals and the 
low reading aoillty and Inexperience of many military technicians. Solutions 
have been attempted In several areas, mostly at high cost and with 1 lttle 
success. One promising solution appears to be the use of computer-based 
job-aids for the technician In the field. One such system Is NOMAD (Navy 
On-~oard Maintenance Aiding Device), a prototype computer-based Job-aid 
developed by HazP.Itlne Corporation's TICCIT division and U.S. Navy personnel 
for ship-board maintenance of tho Navy's MK-86 fire-control system. NOMAD has 
proved very successful In Its Initial tr~~ 

~ 
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lliE PROBLEM 

One of the most important tasks facing alI the 
ml' itary services today Is that of malnt·atnl'lg corn
pi·OJx systems used In the field. The volume of 
printed documonta1lon that has accompanied the 
introductIon of ,.uch systems has grown so I arge 
that much of It cannot be accessed quickly enough 
tv make it useful for field level maintenance. In 
addition, such information is difficult to store, 
difficult to update, and often written and Illus
trated nt too high a level 1u be intelllgTbJe to 
military ~echnicians. The problem Is further 
aggravated by tho low reading abil lty of many of 
today' s military per so nne I. 

The magnitude of the m II I tary ma I nt!iJnance prob
l3m has been thorough I y documented. I ,2 ,3 Tn? crux 
of the problem has been identified as the inabil Jty 
of technIcians to troub I eshoot and repaIr com~·l ex 
systems rdpldly and accurately. This problem Is 
manifested by a high percentage of errors In troub-
1 eshoot I ng and extendeC: and eventua I Jy unacceptab I e 
time to repair the equipment. 

ATTE1>1PTED SOLUTIONS 

Approaches In the to I I owIng areas have been 
taken to attempt to overcome the mil ltary mainte
nance problem: 

1. Formal and on-the-job tralnlng 

2. Modularlza1-ion of weapons systems 

3. Development of Oul It-In Test Equipment (81TEl 

4. Development of Autom~tlc Test Equipment (ATEl 

5. Development of high qual Jty technical manuals 

6. Research on the fundamentals of the man-machine 
I ntod ace 

Let us now consider each of these approaches In 
detail. 

1. Formal and on-the-Job training. Despite In
creased expe,ndltures on training In the military 
community, this approach has had I lmlted success 
for the fullowlng reasons: 

a. Long-term delays between training and on-
the-job appl !cations. A particular fault may occur 
so Infrequently as to make It Impossible for the 
technician to be practTC:ed at locating and correct
! ng It. Such a tau It may occur yoar~ of ter the 
pertinent tral nlng. 

b. Sophistication of equipment. The task of 
the technician becomes more sophisticated when mod
ularlzatlon Is Introduced beceuse he or she must 
deal with complex Inter-relationships among wh61~ 
subsystems, rather than Individual faulty parts. 

c. Out-dated training techniques. With o1,;y a 
few exceptions <such as +re use of modern computer
based training systems) many mil ltary maintenance 
training techniques ere tl.enty to thirty years 
behind accepted learning theor1es and practices. 

d. Loss of skills. Usually, formalized mili-
tary tral n I ng progrcrns for technicIans do not a II 0w 
for refresher and updated training while on the 
job. Necessary detailed knowledge and skills aro, 
therefore, lost. 

2. Modularlzatlon of weapons systems. While modu
larlzatlon was lnten~ed to ~lmpl lfy the techni
cian's task by having him or her remove the fa11ity 
module and replace It, the success of this approach 
depended on the diagnostic abl: tty of the techni
cian, the ability of tl.e technician to replace the 
modu I e wIthout damagIng the system, an..: the eva 11-
abl I lty of replacement modules. The first two, of 
the~e factors ere dependent on the qual Jty of the 
personnel entering the training system and the 
ab II I ty of armed forces to t·eta In expert techn !
clans. 8oth of these areas have boon problems in 
recent years. 

·~-,.,-._ .. 
:r .. 
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?. Development of Built-in Test Equipment (BITE). 
BITE is, designed into the system to be tested at 
the flaue of its construction and therefore must be 
designed at the same time as the system itself. 
Unfortunately, it is usually not possible to 
forecast accurately all possible types of faults at 
the time of system design. In addition, BITE has 
proven unsatisfactory because: 

a. Deficiencies i 
cuit to correct, since 
into the system. 

DiTE are extremely diffl- 
Ti   is  initially de igned 

b. If it is to Identify more than 60? of tne 
faults in a complex system, BITE must be so complex 
itself that it becomes hard to troubleshoot and 
malntai n. 

c. BITE does not provide aids for performing 
replace and repair functions. 

4. Development of Automatic Test Equipment (ATE). 
ATE consists of very large, complex, and expensive 
devices designed to be connected to the sysTem to 
be tested. ATE is commonly used for troubleshoot- 
ing and maintenance of military aircraft such as 
the F-16. ATE is impractical in many maintenance 
and troubleshooting situations because of its ex- 
pense and size. This approach is only feasible for 
depot level maintenance. 

5. Development of high quality technical manuals. 
Such an approach has not proved effective because: 

a. Paper manuals ore  bulky and hard to handle. 

b. Paper manuals are difficult to update. 

c. Access time is excessive when larne numbers 
o4 manuals are i.eeded to explain a single system. 

d. Information in this furm is usually r.ari; +o 
understand and is usually not designed to meet the 
needs of different levels of users *rom nov! :es to 
experts. 

6. Research on the fundamentals of the man-machine 
Inierface. AIi the approaches described above have 
proved deficient. Therefore, fj-ther research into 
the man-machine intertace appeared to be necessary. 
Several directions for research have been followed: 

a. One proposed research soiutior to ^.e prob- 
lem has been to study the manner in which expert 
technicians troubleshoot and maintain complex sys- 
tems. It was hoped that an Increased understanding 
of expert knowledge would lead to Improvements In 
training techniques for novice technicians. Al- 
though much interesting work has been done in this 
ere-, no major i provements ha^ t yet taken place in 
the training of technicians, an;- as a result no 
major Improvements In weapons system availability 
have resulted from this research. 

b. A second potential solwv'on Is to model 
cor.plex systems, such as steam ► ants, In compu- 
ters. It lb thought that an Improved understanding 
cf how such systems function and how pecxie oper- 
ate, troublat'-.cct, 3nu iMlnteln such *iy*>*«ms • I.'I 
result In Improved approaches to trout I ei.^W I ng 
and maintenance.  Such simulations are b.ivc on 

mathematical models of complex systems,. The 
meters, Jials, and other indicators of system func- 
tioning are represented £>s graphics on computer 
displays. While this approach may have value in 
the distant future, it seems clear that ro major 
improvements in training or maintenance end trou- 
bleshooting may be expected to develop in tie near 
future. These complex simulations are Rased on 
mathematical models that are extremely expensive to 
develop, and as yet they have had little impact on 
weapons system availability. 

c. A third approach is to employ cemputer- 
.ased job-aids designed to deliver troubleshooting 
and maintenance information in the field. In this 
approach a computer terminal with access to an in- 
teractive data ba^e is made available to the tech- 
nician at the job site. An example of this is the 
U.S. Navy sponsored effort to develop a prototype 
of one such system for ship-board use. This 
device, called NOMAD (Navy On-board Maintenance 
Aiding Device), provides a structured, automated 
diagnostic strategy that prompts and logically 
leads technicians through appropriate procedures 
and actions in troubleshooting the Navy's MK-86 
ftre-control system. The MK-86 fire-control :ystem 
is an extremely complex gunfire control system 
designed to protect Spruance class destroyers from 
hostile aircraft and missiles. Although the MK-86 
system is effective wren operating properly, it has 
been prone to failure due to a shortage of the 
experienced technicians required to troubleshoot 
and maintain i !\ The remainder o* this paper des~ 
cribes the application of NOMAD to this problem. 

NOMAD: A PROTOTYPE SOLUTION 

NOMAD is currently üDoard the U.S.S. Kinkeid, 
a Spruance class destroyer in the Pacific, where It 
is undergoing test and evaluation. NOMAD is be:ng 
used cr the Kinkaid for MK-86 system familiarisa- 
tion {for junior technicians), troubleshooting and 
diagnostic procedure prompting, fauit isolation 
prompting, MK-86 checkout and grooming, and presen- 
tation of videotape mal r.tai nance procedure sequer- 
ces. (NOMAD is copabie of both videotape and vide- 
odisc presentations integrated Into computer-gener- 
sted text  and graphics, under computer control.) 

The scope of tl.e troubl eshoot i ng and mainte- 
nance material currently available on NOMAC is 
i imited to these areas of the MK-86 system most 
prone to failure. This subset of material was 
determined by t^e Navy to be adequate for purposes 
of thi s evaluation. 

Physically the NOMAD system is composed of a 
minicomputer and peripheral hardware located on- 
board In the ship's data processing center , Two 
Interactive color "ierminais with keyboards and 
light pens are strategically placed within the ship 
to a! low ready access to the MK-86 herdwc'-e. One 
terminal is located In Radar Room Number - and the 
other In the Combat Information Center. The cur- 
rent two terminal system is expandable to M termi- 
nals shouid the need arise. The repair technician 
communicates througf^ the NOMAD terminal with the 
troubl eshoot I n<j da+eöat« and algorithm stored in 
the computer. 
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PROGRAM DESIGN CONSIDERATIONS 

Key aspects u( in« NGmAD progrdm intiuue luv 
use of (a) commercially available, off-the-sheif 
hardware and software, only s!Igntly, modifled for a 
shipboard environment iNOMAD is a compact version 
of the TICCIT' computer-assisted Instruction system 
manufactured by Hazeltine Corporation), (b) U.S. 
Navy enlisted personnel (one Senior Chief and two 
sailors/ to provide the subject matter expertise, 
create the troubleshooting and maintenance mate- 
rial, and put it on the computer, and (c) rapid 
implementation of the concept (seven months from 
concept to functioning hardware and software aboard 
the rvinkaid. 

The significance of NOMAD as a prototype device 
lies not in its hardware but rather in the toubie- 
shootlng algorithm, database, and presentation mode 
employed   in  the  system. 

The troubleshooting strategy implemented in 
NOMAD adapts to the level of expertise of the user, 
leads him or h?r to the fe'jlt in the system, and 
prescribes the required correct ve action. Where 
possible, the system references the appropriate 
technical documentation rather than duplicating it, 
NOMAD also keeps detailed records of each techni- 
cian's use of the system during troubleshooting. 
The major goal in implementing such a system is to 
deliver the expert's knowledge to the technician. 
This must be accomplished by first transferring 
that knowledge to the computer. Idaaily this 
transfer should be made rapidly and inexpensively, 
which requires an easy-to-use software system on 
which the subject matter expert (SME) may work 
directly to :mpart h;s or her knowledge and with 
which the end user can interface easily and effec- 
tively. 

These considerations incicate a need to focus 
on the man-computer interface rather than the com- 
puter hardware package. There is a great tempta- 
tion for those working in this area to attempt a 
hardware solution to this problem—that is, to de- 
cide in advance that a computer-based job-aid 
should be of a certain weight, of a certain size, 
have a display area of certain parameters, etc. 
Rather than take this approach. Hazel tine Corpcra- 
tion staff are systematically focusing on what we 
ccnsidDr to be the crucial concerns here, all of 
which are aspects of the man-computer interface. 
Specifically,   a computer-based  job-äid  shculc: 

1.    Make the knowledge    of  the SME available to the 
novice LD a forjL -"hat nahes Ji feasy Ifl^ujxd&tsiflod 
and effective in helping him or  her solye__ ma i nl£r 
nance and trou,bleshoot inc. problems. The NOMAD pro- 
gram is based on the idea that it is not necessary 
to provide a deep structure representation of the 
SME's knowied-no in the computer-based job-aid. All 
that is required is that the expert make explicit 
his or her troubleshooting and maintenance approach 
and then represent that approach in the computers 
programming, Neither I« it necessary to attempt to 
arrive at some objective specification of exper- 
tise. Instead, a single, effective approach is 
made available tc the inexperienced but school - 
traineC technician. Experts differ ir their con- 
ceptualizations of complex systems a^d in their 
strategies in troubleshooting such systems. All 
that is really needed, however, is one approach 
that works. 

ate the troubleshooting logic and maintenance uro- 
COUUTPS. MÖMäD ut! i lj.ee :r, existing commercial 
user-friendly language, called TAL (TICCIT Author- 
ing Language), which was designed fo^ the authoring 
of flexible Instruct!one! presentations and simula- 
tions. It has als? pi oven effective and easy to 
use ' +t"e present application. Although most of 
the authoring »as performed at a land-based facil- 
ity before instalIc+ion of the on-board system, the 
system allows for on- 'te authoring as necessary. 

3. utilize a user-frienfliy graphics, systv.ii to QEST 
ate graphics of wave forms, instrument panels, etc. 
A commercially available document camera, part of 
the TICCIT system, was used for putting NOMAD 
graphics on line. This camera and its associated 
software package allow graphics drawn by illustra- 
tors or found in Navy technical manuals to be scan- 
ned into the computer system in minutes. These 
graphics are then edited using an on-line graphics 
software package. Graphics are colored, rotated, 
expanded, and reduced as required. The graphics 
editor can also be used to create unique syrhols or 
characters, which can be assigned to keys on the 
keyboard and stored for subsequent use. The ease 
with which one can construct graphics makes it pos- 
sible to staff an effort like the NOMAD program 
with inexperienced personnel, such as entry-level 
enlisted people. The document camera is not part 
of the ship-boaro hardware package, so graphics 
were digitized at the land-based facility. However, 
the graphics software package is available ship- 
board +o make any necessary modi. ications identi- 
fied on site. 

NOMAD graphics are displayed instantaneously as 
one imago rather than being drawn slowly as the 
technician watches. In situations that require the 
use of complex graphics, this high-speed display 
capability is critical tc clarifying complex tech- 
nical text. 

4. JJti i ize state-of-the-art instructional design 
techniques such as hypertext to ensure that t1 ., 
performance o_L_ technicians Is as efficient as 
possible. Data are presented at various levels 
from direct access for the experienced technician 
to a guided step-by-step approach for the novice, 
with a wide variety of pcssiblities between. The 
major interface between the technician and the 
computer is through a light pen for pcintlng to 
locations on the terminal screen rather than by 
typing Inputs on the terminal keyboard. This 
speeds up the troubleshooting process and avoids 
tiit. pfolitfi of poor spelling and/or typing skills 
on the technician's part, 

PREL 1MINARY RESULTS 

At the present time, very little quantitative 
data on the preliminary try-out has been made 
available. However, the existing results indicate 
that this approach is very successful in increasing 
weapons system availability. We expect to receive 
enough accitional date about NOMAD's performance tc 
draw meaningful conclusions about the following 
topics: 

1. Reliability of the ruggedlzed commercial hard- 
ware in the shipboard environment. 
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2. Attitudes of U.S. Navy technicians toward using 
an   interactive computer-based   informat ion system. 

3. An assessment cf the potential of the system to 
significantly improve MK-86 operational readiness 
and sys- yn avallebiilty indices, g'ven an expanded 
data base to cover all suitable MK-86 subsystems. 
(Only a subsef of such systems are now included in 
the NOMAD programming.) 

Tentative results in these areas are summarized 
here: 

1. Reliability. The prototype NOMAD system is not 
a ruggedized system except for six shock mounts 
attached to the equipment rack. Nevertheless, the 
off-the-shelf system hardware has survived at sea 
since January, 1982, and has continuously func- 
tioned well with only short, minor interruptions 
such as were expected in this first test of the 
system at sea. After an initial break-in period, 
the Navy technicians have been successful in opera- 
ting NOMAD at sea with little or no help from con- 
tractor representat es, aespite having received 
only cursory hardware training. Successful opera- 
tion has been performed during the firing of the 
ship's 5-ir.ch guns and at times of  heavy  seas. 

We can only assume that a fully ruggedized 
production version of the system would perform as 
welI   3S or  better  than the present  system. 

2. Technicians' attitudes toward such a system. 
Technicians' attitudes have been very positive 
towrrd the system. In fact, they would like to see 
additiotic1 programming to cover other sections of 
the MK-86. Technicians were also impressed with 
the ability of the sy-t?* to present videotapes of 
maintenance procedures, Favurüf'e reactions have 
been expressed by crew members of othe- ships who 
have seen the system demonstrated, as welI as by 
various visiting dignitaries. Attitudes towards 
the NOMAD system were so positive that the Captain 
of the Kinkaid requested that the system be retain- 
ed on the ship rather than be removed at the end of 
six months as had been originally planned.4 This 
requst was granted.^ 

3. System potential. The following data on sample 
fault isolation times w■fh and without NOMAD have 
been provided by Na\al Ship Weapon Systems Engi- 
neering Station (NSWSES), Port Hueneme, California, 
for the photo tube assembly (10A5A5) ana power sup- 
ply (19PS5).6 Data without NOMAD come frum other 
ships as well as the Kinkaid. Individual times 
presented ; ^present  separate events. 

Troubleshooting Time  (hours) 

MK-86 
Subsystem 

with 
NOMAD 

without 
NOMAD 

Photo Tube 
Assembly 

Average 

.50 

.17 

.34 

1.60 
3.20 
1.40 
.20 

1.60 

Power Supply .33 

Average 

It has been recommended that "NOMAD should be 
expanded to encompass the entire MK-86 system to 
truly prove its valuers [a] troubleshooting and 
maintenance aid device. »7 

Ideally, there would have been a formal effort 
to collect quantitative data for the above cate- 
gories of information and compare them to baseline 
data. This was not possible, so instead a general 
assessment is being collected for each category 
based on at-sea experience as reflected in appro- 
priate system logs. Additional data will come from 
narrative reports from chiefs and officers in the 
weapons department. 

The reports prepared on NOMAD include: 

1. A biweekly Situation Report from the USS Kin- 
kaid, which includes comments on the usetulness of 
NOMAD as a maintenance tool and as a tutorial aid. 

2. A monthly report from NSWSES containing an 
araiysis of all data col I e- ted in the month 
reported. 

3. A preliminary report from NSWSES, scheduled for 
published in October, 1982, after completion of the 
trial period, addressing the analysis results for 
Navai Sea Systems Command. 

4. A final report from NSWSES, scheduled for pub- 
lication in November, 1982, for Naval Sea Systems 
Commano approval and distribution. 

THE FUTURE 

It should be noted that in addition to its 
MK-86 related functions, current additional uses 
for NOMAD aboard the Kinkaid include shipboard 
indoctrination, EPICS (Enlisted Personnel Indivi- 
dualized Career System) training support, and 
recreational applications. NOMAD could also 
deliver the same Instructional materials available 
on any cf the FICCIT systems currently in use for 
Navy and Marine Corps training. 

The success of NOMAD has cleared the way for 
future, enlarged versions of this prototype system. 
An RFP has been received by Hazel tine concerning a 
second system for use on an Atlantic-based ship. 
Development of a more compact version of NOMAD 
hardware, based on a microcomputer, is now under 
way. 

Mjch of what has been learned about how to 
design job-airllng material during the NOMAD program 
is applicable to other military hardware systems. 
The potential for this solution to providing help 
to technicians in the field seem unlimited. 
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BACKGROUND 

Technical training in jet aircraft 
engine trimming procedures and in the 
isolation and diagnosis of jet engine 
malfunctions has traditionally been 
accomplished by using operational engine 
hardware; either a complete aircraft or 
the engine assembly. 

The use of "Hot Mocku 
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For these reasons, simulated aircraft 
maintenance training devices are being 
increasingly employed by the military to 
reduce costs and achieve more efficient 
and controlled instruction in maintenance 
procedures. 

THE F-16 ENGINE DIAGNOSTICS SAMT 

An example of this new approach tc 
maintenance training is the F-16 Engine 
Diagnostic Simulated Aircraft Maintenance 
Trainer (SAMT), comprised of two 3' x 8' 
panels, an instructor station and a 
computer simulation of the Pratt and 
Whitney F-100 engine. The two panels 
contain aircraft cockpit instruments, 
engine drawings and blowups of selected 
components as well as relevant test 
equipment control panels. They also 
contain a set of 130 action switches, 
which allow the student to simulate the 
taKing of various actions; for example, an 
action switch is used for applying ground 
power. A set of 70 element switches 
are distributed within the panels which 
allow the student to designate particular 
components; for example, an element switch 
is used to designate the engine alternator 
as a defective component. 

The instructor's station is comprised 
of a CRT display and keyboard which allows 
the instructor to choose one of a set of 
engine malfunctions for the current lesson 
and tc record student information relevant 
to the training. An instructional feature 
of the software prompts the student with 
caution and hazard messages, and records 
student performance as the lesson 
progresses. 
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•·~~~--~::e teo::. setfs is the matr model which 
1:::•.!t~:·.:1e:: the cc•r::puter-dr·iven display 
; :1 ~~ ,. l s . T h. c• u v. L the m c d e l , students can 
~- ~· J c tic~· L i rr: e con .sum i r~ g , tedious and 
ex~;f_:'n~;j_ve trin·ming procec!ures at 
:::: u b ~ t a n t i a l l y red u c e d. cos t . S e l e c t a b l e 
~~:runclio~~ ~llow for diagnosis and 
:~0i2ticn of 2 v2riety of engine component 
:·:,:lclre~ .. 

T~e engine ~cdel and test set models 
~ t::-~c:Clc:_ Lo form 2 total1y free-play 
~nv'ron~ent. The student is free to make 
r·; ::t:tkes en beth ,_,ngine operation and test 
~c: operation, and the system is designed 
t2 give the appropriate response. A 
~~~rle real time monitor is included in 
th: sirr.ul;;ticn to detect and fl:::g student 
o~crati0nal and procedural errors. 

Traditional approaches to jet engine 
n,cdeling h<:Jve involved mathematical 
description of complex mechanical and 
thermodynamic processes. This approach 
wLen ilpplied to maintenance trainers i~ 
beth costly and unnecessary. 

THE ENG:NE 1-'0DEL 

A new approach was chosen for the 
r,2th model of the er,gine which is driven 
by il data base uf engine variables that 
describe the steady-state behavior of the 
engine. The transient responses are 
provided by simple algorithms. This 
approach was found to provide completely 
realistic engine performance for 
maintenance trninin~. 

The engine data base consists of 22 
tobles which describe the engine 
vnriables in n0rmal and diagnostic modes. 
The normal engine parameters data consist 
of tabulated values for nine observable 
f'ilrclmeters; fuel flow, nozzle position, 
variable vane position, compressor and 
turbine RPM, two temperatures, and two 
pressures. In a~dition to the normal 
engir.e tables, data is tabulated for the 
engine operatinng without the engine 
electronic controller CEEC) and with the 
bnck-up controller (BUC). Seven different 
cr,gine trim tCJblcs and 12 malfunction 
LDbles com~lete the set. 

Each of the tables (Refer to Table 1) 
is composed of three sub-tables; one for 
(·ach <jf three valtH'~i of outside oi~ 

temperature. f0r a given out~ide air 
temperature, the steady-state value of 
each of the nine parameters is tabulatea 
for incremental values of throttle 
setting. The tabulated values were 
obtained using the manufacturer's 
comprehensive non-real-time cn~1ne 
simulation program. 

Refinements to the tabulated valu(s 
dre then made to the nine parameters to 
simulate the function of six trim screws, 
engine electronic controller, back-up 
controller, ambient air temperature, air 
source selector, anti-ice switch, starting 
fuel switch (lean/rich), false parameters 
introduced by various engine test sets, 
and parameter perturbations due to 
simulated malfunctions. (Refer to Figures 
1 & 2.) 

The model includes 32 classifications 
of malfunctions which fault isolate to 75 
unique problems. The malfunction models 
are either table-driven, algorithm-driven 
or are a combination of the two. 
Referring to Figure 1, the malfunction 
symptoms are either inserted during 
throttle movement, incorporated into the 
engine controller algorithms (BUC or EEC), 
absorbed in the steady-state tables or 
added at the time of engine transient 
response. Figure 2 is Hicluded to show 
what is involed in calculating a typical 
parameter in real time. 

Engine transients involve the time 
behavior of parameters toward the 
steady-state values corresponding to 
~hrottle position. A satisfactory and 
simple method which we use to model these 
transients proved to be an exponential 
response for each engine parameter of the 
form. (Refer to Figure 3.) 

T T 
X(T) = Ae- TC + B(l _e-TC) (1) 

Where 

A = Steady-state value of the parameter at 
initial throttle setting A. 

B = Steady-state value of the parameter at 
final throttle setting B. 

X(T) = Value of the paramet~r at time T. 

TC = Time constant 

Note that the classical form of the 
response in eq ( 1) is col,,putationally 
difficult and involves the evaluation of 
exponentials. ft more efficient form is 
found by developing a recursion 
relationship: 

From ( 1) letting t = N6T 
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Parameter 

RPM 

NOZZLE 

TEMPERATURE 

Throttle 
(Degree) 

20 
23 
26 

is 
50 
68 
80 
83 

20 
23 
38 
50 
53 
6 5 
80 
91 

109 
1 15 
127 
130 

20 
23 
26 
32 

51 
c a 
68 
7S 
83 

TABLE 1 

TYPICAL DATA BASE TABLE 

Ambient Temperature 
C deg    ft5 deg    1 CO deg 

0 

(etc for all 10 Parameters) 
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FIGURE 1.   ENGINE DIAGNOSTICS SIMPLIFIED FUNCTIONAL DIAGRAM 
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to 
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8   8 S |8J 

f FUEL FLOW 
1 RPM 
< NOZZLE POS 
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I1       vETC 
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_l 
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THROTTLE 

MALFUNCTIONS 

TEST 
SETS 

FIGURE 2    ENGINE DIAGNOSTICS SIMULATION 

(CALCULATION OF A TYPICAL PARAMETER» 

MODIFIED 
THROTTLE 
ALGORITHM 

BUC 
TABLE 

BUC MAL«1 

TABLE 

EEC 
TABLE 

FALSE TEMP 
TABLE 

INTERMEDIATE 
PARAMETER 
ALGORITHM 

MALFUNCTIONS 

TRIM 
SETTINGS 

STEADY 
STATE 
ALGORITHMS 

EEC OFF 
TABLE 

MALFUNCTIONS 

THANS'ENT 
ALGOH.THMS 

MALFUNCTIONS 

TRIM 
SCREWS 

BUC 
ALGORITHMS 

EEC 
ALGORITHMS 

MODE 
SELECT 
ALGORITHMS 

FALSE 
TEMP 
ALGORITHMS 

EEC OFF 
ALGORITHMS 

TEST 
SETS 

_J 

STARTING 
FUEL SW 

A.N2 
ALGORITHM -0 
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FIGURE 3.  EXAMPLE OF EXPONENTIA!  RESPONSE 

IN -  CONST 

AMPLITUDE OUT (N+1) 

62-0594 

1. M constant input, IN(N-I), is applied at tirre step N-1 . 

2. The output at the Nth time step, OUT(N), is 1C0K5 of the interval lN(f:~1)  - 
OUT(N-1). 

?.  The  output  .t  the  fU1st  time  step,  0UT(N+1), is 1C0K? of the interval 
IN-, tun - OVKN: . 

« .  The  process  repeats  for subsequent  time  steps,  thus  generating  an 
exponential rise from CUT(N-I) to IN(N-t). 

/ 
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X(N) = Ae 

NAT 
TC + B [1 - e 

NAT 
TC, 

by substitution from 
terms 

( 1 )  and  coliecti ng 

X(Nt = e 

AT 
TC 

X(N) + B(l - e 

Equation  (?)  can  be written 
computationally efficient form: 

AT 
TC 

ln a n.cr° 

In other words, for each time step, 
the current value is determined by adding 
K times the difference between the forcing 
function, INCN+1), and the last parameter 
value, OUT(N), to the last parameter 

value (Refer to Figure 3). If the forcing 
function (throttle position) remains 
constant, this is a classical exponential 
response to a stimulus. 

LESSONS LEARNED 

'" rings We Did Wrong 

0UT(N+l) = OUT(N) + [IN(N+1) - 0UT(N)]*K 

Where 

OUKN + 1 ) 
parameter 

Current  value  of  the 

OUT(N)  =  Value  of  the  parameter 
computed at the last AT  time step 

INCN+1) =  Current steady state  value 
parameter (a function of throttle setting) 

K 
TC 

K(AT,TC) 
Time constant 

AT     =  Calculating increment (0.1 
second in our case) 

This form is arrived at by using  the 
Laplace transform of the exponential. 

1 
TC*S+1 

and Euler's numerical integration formula 

X(N+1) = X(N) ♦ XAT 

*o obtain, 

IN . TC- $HÜ  ♦ (JUT 

Which leads r.o 

0UT(N*1) ■ OUT(N) - [fN(N*l) - 0UT(N)J |-£ 

Improved Malfunction Definition. 
Ir the early stages of trainer 
development, not enough attention was paid 
tc malfunction definition. Since our 
model does not directly employ the basic 
physical principles of the engine, but 
rather relies on a data base for 
symptomatic description, the secondary 
malfunction responses are not inherent in 
the model. (An example of a primary 
response is an oscillating exhaust 
nozzle, whereas the secondary responses 
are the changes tc the other engine 
parameters which occur as a consequence of 
the fluctuating nozzle.) The modeling of 
these minor (but important to diagnostic 
training) responses must be carefully 
specified. However, because of their 
secondary nature, it is difficult to 
obtain general agreement en what these 
responses should be. The manufacturer's 
data was generally accepted as the mest 
reliable and tended to resolve the 
differences. In retrospect, the 
manufacturer should have been consulted ir. 
more detail. We also we should have 
relied more heavily en F-15 engine data, 
since the twe aircraft have the same 
engine and F-15 had been operational for 
some time. 

Acded Audio and Visual Crues? N c 
provisions were made for special 
diagnostic audio responses and we 
discovered at a rather late date that the 
engine JcD Guides require the maintenance 
man to listen for igniter plug noises. He 
is also required to look for fire coming 
from the tips of the igniter plugs, ana 
visual indications of igniter firing were 
not provided for. Adding these special 
audio and visual effects might be 
des irable. 

Things We Did Riant 

Exponential response proved to be 
Simple and Effective. The selection of 
this type of response to describe engine 
transient phenomena proved tc be a wise 
choice.  We  employed  more  complicated 
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approaches (notably series and parallel 
networks of exponential responses) in 
other trainers. Where these approaches 
were tried on the Engine Diagnostics SAMT 
the improvements were negligible even when 
instrumentation was employed. 

Improved Method of Tracking Equipment 
Changes. As the engine and test sets 
evolve and new operational hardware 
appears, the problem is ever-present on 
how often to retrofit the trainers and 
what to do to accommodate the missing 
hardware in the meantime. A very workable 
and inexpensive method was devised 
consisting of software "bridges", which 
are a CRT message to the student to 
describe equipment responses. For 
example, if a voltage is to be measured 
and a voltmeter is not included on t- e 
trainer, the message "Voltmeter reads 22 
Volts" appears at the proper time in the 
lesson. 

Model Accommodates Other Jet Engines. 
Since transient responses are not of 
primary importance in the teaching of 
engine diagnosis, (readings are always 
taken after the engine stabilizes) the use 
of the exponential response is probably 
adequate for any jet engine. It is 
therefore likely that the model can 
accommodate most any jet engine by 
changing the data base (and using 
appropriate engine parameters) and some 
time constants. 

Tnings We Should Have Done Better 

Reduced Computation Time. Since the 
engine model as well as the test set 
models are table-driven, the basic 
trade-off's in table structure are: 

(1) Polynomial fits to the data with nc 
breakpoints - the table consists of 
coefficients of the polynomials. 

(2) Breakpoint logic - only the vertices 
are retained and the parameters are 
computed by linear interpolation. (Refer 
to Table i) 

(3) Slope/Intercept form - the vertices 
are retained as in breakpoint logic but 
the slope and intercept are pre-computed 
and stored a4", table entries. 

Method (1) was rul^-d ou*. because we 
were unsure of the fidelity u-t-ss.ary for 
training ard high fidelity requires a very 
high degree of polynomial to adequately 
describe the data. Since a polynomial c: 
degree N requires N multiplications and N 
additions for each evaluation, high defcre» 
polynomials i.re precluded because of rea. 
time constraints. 

Method tc) requires about three time: 
the com{.ut 3t lcnal time of that of method 
\l'i in order tc compute a parameter value 
but requires only h"»lf the table size, 
however,  Method \2'   was chosen because at 

the time of model design (1978 time frame) 
computer memory was considerably more 
expensive than it is today. 

As it turned out, some of the actual 
data differed significantly from the 
breakpoint data employed and proved to be 
entirely satisfactory. Since the actual 
breakpoint data provided realistic 
performance, we now think that we could 
achieve a significant improvement by 
employing various data compression methods 
and still not degrade training 
effectiveness. 

Reduced Memory Requirements.  A 
data  base 
thod   of 
parameter 

t  switch 
leads  tc 

h could be 
the  data 
table  of 

iy  adding 
of deltas 
fact,  we 

able could 
ng  for  a 
above. 

similar trade-off exists in the 
structure.  The   current   me 
employing  different  engine 
tables   for  various  cockpi 
combinations and malfunctions, 
large  memory requirements, whic 
sharply reduced by restructuring 
base  to  include  one  primary 
engine parameters gnd  judicious 
switch-dependent polynomial fits 
to these basic  parameters.  In 
suspect that the one remaining t 
be significantly reduced by opti 
coarser data structure as noted 
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The simple model consisting of a data 
base of steady-state engire parameters, 
coupled with an exponential response for 
engine transients proved tc be a very 
effective approach. 

We feel now that we could go back ard 
make substantial improvements in table 
structure (data resolution and data base 
compression' and computation time. 

The manufacturer should be consulted 
more at the start of the prop ram, 
particularly in the area of malfunction 
definition. In doii.g so we could have 
avoided the problems of partially- defined 
ari' ill-de fined ma 1 f urn't ions . 
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A study was undertaken to investigate the feasibility of 
providing motion simulation with an in-cockpit device rather 
than an external motion platform. The conventional wisdom has 
dee~ed that it would not be feasible to provide the necessary 
stimulation of the vestibular apparatus because of insufficient 
ex~ursion inherent in an in-cockpit device. This paper addres
ses that issue in light of recent research that begins to clar
ify this interrelationship between the visual and vestibular 
systems in the perception of motion. A novel approach is sug
gested which relies heavily orr the coordination of the· vi-&Ual 
and vestibular systems. In addition, experimental protocols 
are suggested by which the approach can be verified. This 
study was originally performed for helicopter simulators but 
the technique is applicable to fighters as well and perhaps 

'''" to '''"'Po<t '''c'~ 

INTRODUCTION 

Since motion is perceived through 
stimulation of several physiological 
rec~ptor systems (visual, vestibular, 
haptic and auditory), ~any designers and 
users of fligl1t training simulators have 
felt it was necessary to utilize plat
for~ motion systems to provide the ves
tibular ana some of the hbptic stimuli. 
'l'his has, by no means, l::een a unanimous 
point of view. In fact., the subject has 
been controversial in the flight train
ing community for quite some tine. 

The reasons for the controversy are 
manifold, not the lcaGt o{ which is cost 
-- including purchase, facilities anti 
maintenance. Other factors are com
patibility with certain visual displays, 
false cues in certain maneuvers, safety 
and reliability. 

There is then a great c!eal of r;,oti
vation to clir.1inate platform motion sys
tems. It is our opinion, however, that 
in order to provide the appropriate mo
tion stimuli, the platform motion system 
must be replec~4 with an adequate surro
gate. 'l'his op1nion is uascd in the re
cent ~esearch which indicates some ves
tiLular stir;,ulation ts necessary fQr the 
proper percept of self moticn. 1llJ 

PLi,'l'FORI-l l·iOTlON SYS'l'Lt'.S 

Motion platforms are dif!icult to 
justify in terms of the more obvious 
factors such as lnitiul cost, safety, 
facilities, maintenance and life cycle 
costs but ulso in terms of the more 
subtle factora raluting to integrntion 
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with other systems and training value 
obtained. 

The motion platform most widely used 
consists of a hydraulically powered six
post synergistic, computer-~riven system 
designed to carry and provide motion 
cues to a cockpit that often includes d 

visual system with electronics and a 
display system and a pilot. Such a load 
requires a large, powerful, responsive, 
and safe system capable of providing 
onset and sustained acceleration cues 
that are synchronized and compatible 
with all other systems. 

The initial cost of a t.ypical motion 
system is $400,000. If a ten year life 
span at 16 hours per day and 250 days 
per year anc 10% per year inflation rate 
is assumed and considering costs of 
spares, training, facilities, main
tenance and the like, a total 10 Y''ar 
life cycle cost of $3.7 million is pre
dicted using a lifL cycle cost model. 
TI1is leads to o cost of $92.50/hour to 
operate the motion system. 

The safety aspects of motion syst~ms 
must be carefully considered u~causc 
they use high pressure hydraulics and 
powerful rams to create the motion that 
drives the cockpit. 

Many safety features must be in
corporated to preclude damage or in
jury. Thi~ requires hydrauiic an(! 
electronic safety systems, and mora and 
better maintenance fa~ilities which 
contribute to the complexity and cost. 
Although over the years the syl'tems have 
a proven snfoty rocc)rcfaml llrl' docu-

I 



rt~.·r~!-.L·.: t·~) :'t' ~~.~r~.~ l.ll•lt.~t· :t,JrLl<.! t:t i 1 i
... _"•· i ··~r:, t.lit.:' ~1t::'Ll~ p~.Jh'L~r, futH.:t i(,IIJ, dll'l 

i,\~:11 t
1f t:;,~ ~;y::tl~!':: 1~; i::tri,j_.i~..·,JJL·1 · 

l1,-t ::;t t't~OU !~. 

T:t•." (litfic~llt:._: do~~>; •ll..·)~_ cn(l th,_~r ..... , 
fc)r the pldtforn ;nt:~·;t lJc intt:•t-:r~lt~.~d \Jit~l 
~1ll ·-)~: :1c•r !..>}'~~t.l~i:::::;. 'l'h(~ ('n~..~k!)i t ~1u~~l ~e 
~~'i·,)tlr~tc"d ~'n ti:c..~ pl.:lt[dl:m tl11tl rl·quir·f·~.; 
~--; t-' c: ,_. 1 d 1 .1 c c l" s s f o r c .:.1 b l j : l ,·__,: " n d : H • r :--:on
nt~l. ·\ vir;u~ll S}'!jtt.:i·t, h'hcn u~:e·~!, ::n1~t 
h·.· ;:l',_·~J:~tc~d u:1 t]Jt__. !)l,Jtfc)r::l to dVOid .1 

'JrL ... etl :~1.::lny prvl1lt.~ms encountered in floor 
;~1ount.i:') such as c~J:npcn~:<tt.i.:l_l vi~;u.~1l fur 
r710ti..-)n. This can Uecomt:' j_JUrticuL:trl·/ 
llif.fict:Lt. ~vhen d vJidL·-,··.n··;le vi~lll~ll 
sv:_;tt~r:l is used due to .t;, ,;i;:e, con-
[ i ·.; li r . 1 : i !. ) : 1 , a ; 1 d "' 1 0 c t r · _·,- r.1 '-' c ! td :' i c .1 1 
cunstr,ti:tt:; resultinq fron mou:1ti:v.1 d 

do:~e, i>rr)~;f!Ctors an~l- sc•rvo-f"!lPctro~ics 
o:1 tht.~ plutEor:n sue}! <l!3 in th(~• VTRS 
~:;.y~;tt.:r:-1 or collinatr_~d ~lisluys Sllc}, a!_i i!1 

the r\SPT syste1:1. 

r: vc~ :1 'n' h ~ n t ! H..:' vi ~; u \ll :-; y stem i s 
:;1ount.ed on t lt·~ mot. ion platforfl, cue 
syncLru:1i:.:.atiorJ i:.~ by no means 9uar
.:1nteed between tLe vis:....al sy::;ten _?o!,;i-
t i u;1 c ~ i :1.j ·trhi IIIOt i l):-1 £.; 1.:.1 t forn llCCC' 1(.~ r.:t

tic•n onset and sustilined cuin~;. 

Vision is said to ;.;c the .nost in
port.tnt of ,111 the senses 1n t:Jerceivi:Y~ 
1:1 o t i <...J : 1 • \~ h i lt~ t ! d :.; :n .1 y , i n ] t") :1 0 r u l , ..,.~ 
tn1c:, it must be CjU<JlificJ. The cy<~ i:; 
.:1 !-JO~;itil):l ~;f-:ltsinJ device, tbus the 
perception of self motion, fro:'l its 
i nt..;ut., is ·JCll·~~rtlt~._~d very Glo~n•J '!• 

In a sic•uliltor, a widc-anylc vis~~l 
sys~er.1 provides S':ll:JUlatinn of the eyes' 
P•Jrinhe>rill sensors which rPsults in a 
;~:.:~.~~l~....·r visual pl:'rceptio:l t)f r.1otion. 
!io•.·i('W~r, the perception delay is :;till 
si:..•nifi.c.:.tnt. 

t:t Cll~i.l"'~-; o[ lo·.-J-frt:C1UCnC'j n;tnCUVPr

in9 in slow Qircr~(t or slow milncuvcrin~ 
i:1 f.:tst .:1i.rcraft, tfv:~ del~r; i71LJ.Y oe .:tc
ceptable. 

Ho•...Jever, previous research indicates 
that high-frequency disturbance-type 
t<1s ks, abrupt fai l"re or turbulence 
effects, or fligl1t Jynamics of unstable 
aircraft operating in specific modes, 
sucl1 as helicopter hover, visual-only 
cuing is not fast enough to generate 
what is deemed good pilot perfofmance. 
Motion improves performance. 9 

Abr-upt mot ions which generate large 
acceleration over a small position 
clhlnqe, are sensed better when 
acceleration forces are provided to 
stimulate the vestibular sensors. 

The vestibular se~sors are basically 
acceleration sensors and (in a perfectly 
synchronized simulator or the re~l . 
world) respond to the second der1vat1ve 
of position. Therefore, their cuing 
information is significantly faster than 
the vis•1al position information. 

266 

~lil.h the vestiLuliir uyst.:ru, tLH 
pilot .·c;w get advanced warnin~; of il 

uositiort chaoge in lese time t111d mag
nitude of position ch11nge lhno required 
with visual-only cuing. r, mot i()n plat
fonn, however, has limited cuinq copo
l.Jility due to li: ited trav•.•l !.Jut a~, J·mg 
as tlte acc,der<•tion eue i:.; lor.9 .:.n<J 
Jarqe enoug:1, and the cue i 10 synchron
izL•d witl1 the visual, a foster cue is 
provided. 

This ib not very easy to do con
sidering multiprocessor configurations, 
throu<:Jhput !agE, iteratio!"l rate effects, 
hardware resp~nse times and all the fac
tors cr;,ntrilJ,Jtin<; to mismatch between 
the vi:.;ual <•n(J the motion; while pro
viding adequate cuing to achieve the 
desired purpose. 

If we consider the task of syn
chronizing the platfo.r..m and the visual 
systP.ms, there are many considertitions 
in specifying the platform performance. 
1~e platform must provide a runge of 
acceleration cues of accepta0le time 
duration and magnitude with subliminal 
acceleration washout within the platform 
excursion limitations while reflecting 
visual position magnitude. The through
put lags and computer, hardware/software 
lags must be within an acceptable range 
of tl1e visual lags so as not t~ be un
acceptably out of phase; and the high 
response high pressure hydraulic hard
ware should not respond to computer 
iteration rate stepping. 

The existence of these cue synchron
ization problems is known to be a vari
able depending on magnitude and fre
quency of input as well as system design 
and has been qua~titatively documented 
in a few ccses. l3J 

PSYCHOPHYSICAL ASPECTS 

It iu well known that the human per
ceives his motion through space by the 
integration of information, by the 
brain, from the transducers of several 
physiological sensory systems; visual, 
vestibular, haptic and aural. The 
manner in which the apparatuses of these 
systems operate is described in several 
sources. ll, 4, 5, 7, 8, 14, 15) In 
addition to these there are many other 
sources to which the reader may refer in 
order to obtain complete discussions of 
the sensory systems. This information 
is processed yielding a usually coherent 
perception of the motion environment. 
The perception is not always coherent 
because in some cases information is 
ambiguous and in others specific sensory 
information is absent. 

An exar.1ple of a perceptual ambiguity 
is the case of the familiar "railroad 
~tation paradox." In this inst3nce, a 
person sitting in a train stopped at the 
station perceives rel~ive motion with 
respect to an arljacent train as that 
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t_r;~in bt>(_)ins 'o move. Hi~; initial 
r<'ilction in thilt the train in w11ich he 
.\ ~: <:\ p~sser.ger is moving in the opposite 
.,:rect.lon of the train that: actually is 
rnov1ng. Subsequently, however, he 
r"';oJ.v••s this ambiguity on the basis of 
further· perceptual information. lienee 
:1e finally conclude~ that it is the ' 
other train that is moving. 

This visual illusion is known as 
vection. Vection is ~he perception of 
self mo~ion due to stimulation of the 
visual system particularly in the 
periphery. 

An example of incoherent perceptual 
1nfornation arising from the absence of 
perceptual information or incorrect per
ceptual information would be an airplane 
r.litking a coordinatC'cl turn in a cloud 
t~nk. If the pilot does not look at his 
instruments, he has no indication that 
the airplane is chanqing heading. This 
phenomenon results from the fact that 
due to th"" cloud bank, there is no 
visual perception of heading change and 
since, in a coordinated turn, the forces 
are balanced, there is no stimulation of 
t.lw vestibu.lar or haptic apparatus. In 
this cdse, there is no knowledge of 
headinq chanqe and the situation n.ay 
never be resolved without additional 
~-~cnsoi.:y i r.form(.l t ion such as visual 
inforr:ution frcnt the instruments. 

The ~ocle~n flight simulator with its 
wiJe-angla vi~ual system, moving plat
form, G-seat, anti-G-suit system and 
viLration systems attempts to stimulate, 
tc) some exter1t, ~ll of the above men-
t i \.1r10d ::.~crnoor.y ~;y~>t(·m!-:;. In qeneru.l, 
::t:'t inn L':t~·.c~ !'1yr;tcrns e:nploy 11n onset cue 
hit.ll a V.'a~;hout to provide nn init.litl 
~ti::~1~s to tl1e vestibular system and 
l:<~ptic systerr.. Subsequently, the visual 
system, relying upon the vection phe
"Omenon, sustains tf>e motion sensation. 
C:··sl:its < •.• d G-seots, bot11 stirr:ulati:-Jg 
t·.t\t' haptic system, are employed to 
au•Jrrt·.cnt t·he vcction phenomenon for 
:>uo.t,:iined motion and to provide some 
Lic,r:1-G cuing. Vibr.::ttion systems are 
u'>ed lo provitle the high frequency (up 
to 40 !iz) oscillatory motion cues. 

The mil jor, as YL't ur.ilnswereJ, qups
ticn in flight simulation today is: .. Is 
pl.<tt £orn1 motion ncc~·ssary in the prcs
etJcc of wide field of view visual sys
tems?'' U!te point. of view stCJtC!s thut 
since scli motion con be induced visu
ally, thc·rc is no need for platform 
motion ~ystcms. Another point of view 
is foundP<l in the reBe;;,t·ch of Young nnd 
CJt1lcn~. whicr1 Lasically st<1tes that 
the onset of vecticn is hastened by 
the ;,r,(•scnce.of vestibular stimu.la-
t ron. 11, lJ J llranclt und ot':crs 
:>lute that \,ithout vcstiuuliH stimu
lation tt.c onset of vc~t1on cnn be of 
thr~ order o( <!to J2 nccond:ot. (2) 
l!owevcr, with tlH~ <:lCldit.ion of vestibular 
stimulation this onact dclily wns im-
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percept i !Jl,_,. ( 21) Thesr~ resell rclters 
hctve also fo~nd that the direction 0 [ 

the stimulus is more important than the 
magnitude. Implicit in this, of course, 
is the fact that the stimulus must be in 
excess of the pcrceptu,~l threshold. 
Young offers, "Merely a slight platform 
displacement or seat motion in the ap
propriate dirPction may be sufficic,t 
to bring fQrth well developed vec-
t ion. " \ 12 J 

It is safe to say, t-hen, that there 
is sufficient evidence that vection 
takes too long l:o develop in the alJsence 
of vestibular stimulation to be effec
tive in the maneuvering environment. 
Secondly, vection is quickened by ves
tibular stimulation. Thirdly, small 
amplitude seat motion in the correct 
di rccti'1il will. quicken the onset of 
Vt><:tion. The fore<Joing is encouraging, 
in th~t it appears to offer a suitable 
basis for justification of d motion seat 
in lieu of a motion pldtform. 

CUING APPROACHES 

There are three possible cuing 
approaches which could be investigated 
here. 'l'he first lG to employ an in
cockpit dev1<:t· .ttl ,:.;, onset cuing :node as 
is commonly done with platform motion 
systems. In this mode, the scat would 
be used to stimulate both vestibular and 
haptic systems. Onset and washout drive 
losic would be employed in this case. A 
second approach i3 to employ the seat to 
stimulate solely the haptic system in a 
sustained cuing modality. TJ,e third 
ilpproc.ch is to u:Jc the scat to provide a 
very short duration, pulse-type cue in 
the ap;:Hopriate directi.c:1. 

Onset Cuing Approach 

In order to provide onset cuinJ with 
washout, a substantial ~mount of scat 
pan dL>placew.ent is req:.ircd. For <'X

ample, to provide a vercical onset cue 
for 0.2 seconds with a 1:.aximum ac
celeration of L. :.!.g and emplnyi nq a 
lin..:!<lr 1~ashout which is below the 
indifference tl1re:Jhold given Ly Hoffman 
and Heidel as U.ly, the •Jx-::ursiQn 
required would be 30.9 i:whes. lu) 
This is ol.Jviously too gr'-'at fnr an 
in-cockpit device. It should be noted 
thot shortening t:.hc duration of the cue 
w~ll serve to reduce substantially the 
total tlisplaccment required. For ex
ample, if the cue durati_Q.D is reduced to 
0.1 seconds tor the onset, the ::;ystc .. l 
excursion requirements arc reducRd by a 
factor of four. 

Therc{ort1, ruducin; the onsr.!t cue 
duration to 0.1 would cnablu tl~ pre
sentation of a O.Jg cue and associated 
accclcrati~n washout in 0.63 incl~s or 
pldt(orm t•xcurnion. 'l'hit• l~ould br 
fonsil.llo ~<~ithin the context of moGt 
existing G-~c3tn and also bn nc~cptnblc 



within the constraints imposed by the 
cockpit geometry.  However, the cuing 
dynamic range would be small, i.e., fron1. 
ü.lg to O.dg.  An onset cue of 0.1 
seconds would be near the upper end of 
the time constant range of the otoliths, 
which is less than 0.1 seconds, lit); 

Examining 
same manner, 
tional veloci 
sec . , it. was 
recui re over 
t tie resulting 
L0 /sec• is a 
threshold of 
based on a wa 
5'/sec.2 and 
seconds.  The 
results in 5. 
di splacement, 
separation of 
the case for 
case, the cue 
and this woul 
requirements. 
constants of 
semi-circular 
duration of Ü 
compared to t 

the rotvition.il axes in the 
and considering a rot ci- 
ty cue required cf 20°/ 
found that this cue would 
4u° seat pan rotation and 
washout velocity of 
>ove the indifference 
-'.'sec.  These values are 
shout acceleration of 

cue duration of 0.2 
40°/seat pan rotation 

2H inches of vertical 
assuming a 12 men 
seat actuators.  As was 

the vertical excursion 
duration could be reduced 

d yield lower performance 
However, considering tine 

1 to 10 seconds for the 
canals, then a cue 

. 1 sec. would oe small as 
he time constant. I*J' 

It should be noted that linear cuing 
only was considered above and if non- 
linear drive models were developed, the 
situation could imprc e.  However, it is 
unlikely it would improve to the ext*5 ' 
required for credible simulation. 

Haptic System Stimulation Approach 

The question here is whether using a 
device like a G-seat to stimulate the 
pressure and muscle receptors of the 
haptic system woudd be a viable approach 
in the context of this investigation. 
The traditional application of G-seats 
in flight simulators has been to employ 
them together with platform motion sys- 
tems to provide the sustained accel- 
eration cues while the platform provides 
the vestibular stimuli via onset cuing. 
The sustained cues have been provided by 
altering the pressure distribution, 
across the back and buttocks, due to 
pilot weight and aircraft acceleration 
vector.  The general contribution of 
haptic system stimulation is quite well 
recognized at this point.  However, what 
is not known is the relative importance 
of the two stimuli  n the perception of 
motion.  Further, no research has been 
performed to differentiate the relative 
importance of the two stimuli on the 
development of vection.  However, it is 
known that some elements of the haptic 
system have small displacement thres- 
holds and relatively low time constants 
(Table 1).  This leads one to believe 
they might be stimulated by a small 
excursion system. 

TABLE    (1) 

Displacement Time 
Sen >OI TnresivUIs* Constant 

P-Ci. ii.iii   Corpuscles 1Ü   microns 1 — 10    ITlb 

Mcr*. ■ 1 ' S    1 'ISl'S 1-5   na 1     4.     !U    S 

Kut t ni   Ei iJ   Jr.jdr.s -- 1,   5,   *»   2U  s 

''     rf ! ' n i 'es -- 80  ras 

*These data from Borah, et al. 

These data offer c^me reason for 
optimism in that the thresholds are very 
low for the cutaneous and subcutaneous 
sensors, hence pressure stimuli, fron, a 
variable contour seat pan, wouJd aid in 
the perception of motion via direct per- 
ception and perhaps through the quicken- 
ing of vection. 

A G-seat type device altering the 
pressure distribution of the back and 
buttocks could be used in conjunction 
with some small onset device as dis- 
cussed in the previous section. How- 
ever, this adds complication to the 
system. 

As stated, one related area which 
has not been pursued is the effects cf 
haptic stimulation, in the absence of 
vestibular system stimuli, on the onset 
of motion perception induced by vec- 
tion.  However, Young states that tac- 
tile cues respond most rapidly to 
changes in pressure and signal any rapid 
changes in acceleration because of the 
consequent change in support force "They 
are the ideal first simulator cue for 
r*pid onset." '12)  This is borne out 
by the data of Table (1). 

Pulse Cuing Approach 

The Pulse Cuir.g approach has its 
justification in the research of several 
investigators who have indicated that 
the vection phenomenon is hastened with 
vestibular stimulation, '2' H* 13) 
and also that the vestibular stimulation 
need only be a short pulse in the 
appropriate direction. ^l2' 

While this approach might involve a 
multi-degree-ox-freedom seat platform in 
the cockpit, it would have very small 
excursions.  How many degrees of freedom 
are required must be determined by addi- 
tional research.  At least four degrees 
of freedom are required, the three ro- 
tational and vertical.  It is probable 
that linear vection can be quickened 
with rotational vestibular stimuli, but 
this must be verified.  Another ad- 
vantage of this approach is that the 
software drive algorithm would be very 
simple.  Also, since the excursions 
would be small, eyepoint motion would be 
small and hence dynamic mapping of the 
eyepoint would not be necessary.  Be- 
cause of the small excursion require- 
ments a pneumatic system may satisfy the 
response requirements. 
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The vertical decree of freedom 
should also be capable of providing 
vibration cues in the range of 3 to 40 
Hz. 

SUGGESTED RESEARCH 

In order to evaluate the validity of 
the candidate approaches further re- 
search is needed.  The research falls 
into two categories, that which will 
provide more psychophysical data and 
that which will verify simulation 
concepts.  Some examples of the first 
category are:  Will haptic system 
stimulation alone hasten the onset of 
vection?  Will rotational vestibular 
stimuli quicken linear vection?  What 
are the required pulse characteristics, 
i.e., pulsewidth and range of magnitudes? 

A problem with much of this research 
is that of finding an objective measure 
of the results.  In this case, using 
visual nystagmus should provide the 
desired results.  Other techniques are 
also available.  One technique for 
obtaining quantitative objective measure 
of psychophysical phenomena is the 
method of evoked response.  Much has 
been written in the literature about 
visual evoked potential (VEP) but to our 
knowledge, this technique has not been 
applied to determining the onset of vec- 
tion, or for that matter other simula- 
tion research. 

The second category of research is 
more simulation specific.  Some examples 
of the kinds of research in this cate- 
gory are:  employ a one-dimensional 
tracking task both with and without the 
pulse cue to hasten tu  onset of vec- 
tion, which would be stimulated by an 
appropriate display.  The subjects' 
performance in both cases would be 
measured and compared.  The experiment 
should also be performed using an 
unconstrained single-degree-of- freedom 
rotational motion system in place of the 
pulse cue.  The subject's performance on 
this task would then be compared with 
the other two conditions.  Other trans- 
fer of training experiments may be per- 
formed as well. 

Needless to say, subjective evalua- 
tions with experienced pilots must be 
performed a-s well, in order to ensure 
that the technique will gain acceptance 
in the user community.  Also, experi- 
mentation with various drive algorithms 
is necessary.  In the case of the pulse 
cuing approach, the only aspects of the 
drive algorithm to be considered are the 
magnitude, duration and direction of the 
pulse. 

CONCLUSION 

Of the three approaches suggested it 
appears that the option with the most 
promise is the pulse cuing approach. 

The onset cuing approach has very little 
expectation of success because of the 
limited stroke available.  There is some 
question as to whether, even in large 
stroke motion platforms, an optimum 
drive algorithm has been developed. 
Hence, the degree of acceptability is 
very low for these systems.  It is, 
therefore, unreasonable to expect that 
an in-cockpit device with much less 
stroke would ever be acceptable. 

The second approach employing haptic 
system stimulation does have some prom- 
ise but requires a substantial amount of 
research for this application.  In addi- 
tion, the effort to develop suitable 
dri*'e algorithms would be extensive- 

The pulse cuing approach is attrac- 
tive in its simplicity as well as the 
reasonably high expectation of success 
it engenders. 
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PROTOTYPE SPECIFICATIONS TO SUPPORT HIGH 
RESOLUTION-SENSOR SIMULATORS 

Ronald J. Pierce 
Defense Mapping Agency Aerospace Center 

St. Louis AFS, MO  63118 

ABSTRACT 

The Defense Mapping Agency is developing a follow on Prototype Product Specification 
for Digital Data to support High Resolution data requirements in the DoD, The computer 
hardware technology is growing faster than the software technology to enable simulators 
to portray realism. Both these technologies and the DoD requirements are growing much 
faster than DMA's ability to produce the digital products required for the multiple 
applications. The Prototype specification is an effort to narrow the gap of these 
technologies. 
\ 
This paper will discuss the development of th« High Resolution data Specifications; 
define and compare parameters of the current and Prototype data;  describe the 
geographical area of coverage; and, discu s ur.ei evaluation and validation of the data 
content. 

■\ Introduction 

The Defense Mapping Agency has been 
producing digital data since the early 
1960's. This data was generally used to 
produce relief Maps. It wasn't until 1972 
that DMA was directed to produce digital 
data to support an R&D effort to provide 
radar displays in simulators for aircrew 
training. A production specification for 
digital data for Radar simulation 
resulted in this R&D effort. This 
specification was published in 1974 and 
is ca?led Digital La^dmass system (DLMS). 
The DLMS product is composed of a Matrix 
of terrain elevations called Digital 
Terrain Evaluation Data (DTED) and 
Cultural data called Digital Feature 
Analysis Data (DFAD). DFAD predicts the 
radar reflectivity of the earth's 
surface. The DLMS program supoorts 
Weapons Systems Trainers (WST) and 
operational uses sucl as cruise missile 
planning, Firefinder, aircraft mission 
planning, etc. The DLMS Program requires 
millions of square nautical miles of DFAD 
and DTED. 

In 1975 DMA was given the responsibility 
to produce all the Mapping, Charting and 
Geodesy (MC&G) digital data required by 
the DoD. With this responsibility it was 
necessary to insure that all users 
requirements were reflected in the 
specification. As experience and user 
feedback were received using the initial 
DLMS specifications DMA refined < he 
specification to better support sensor 
simulation. The first revision of the 
specification was in July 1977, with 
three smaller revisions, changes 1, 2 and 
3, in 1980-81, resulting in the current 
product specification.  Some of the major 

changes in these 
are: 

revisions since 1977 

a. Standardization of feature 
descriptors -e.g., Surface Material Code 
(SMC) 3 Farm structures portrayed as 
point features. 

b. Increase feature identification 
codes -e.g., from 57 to over 260. 

c. Decrease minimum size for strong 
reflectors -e.g., Bridge. 

d. Increase minimum size for poor 
reflectors -e.g., Desert areas. 

e. Expansion of unique features - 
e.g., Railroad Gantries/Pylons. 

f. Standardization of percent of 
roof cover descriptor - e.g., 0%, 10% and 
30%. 

g. Portrayal of permanent snow and 
ice. 

Another change, 2nd Edition DLMS, is 
currently in coordination which will 
include the addition of LOC's (lines of 
communication). 

PROTOTYPE PRODUCT SPECIFICATION FOR 
HIGH RESOLUTION SENSOR SIMULATION 

In 1978 DMA received an Air Force request 
to supply digital data tc support an out 
of the cockpit visual simulator. Until 
this request was received, DMA had only 
been supporting radar simulation 
requirements and the specification were 
designed for that purpose only. With the 
advent of visual requirements, it became 
obvious to DMA that a major revision to 
the digital data specification w?s 
required. 
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(PACAF),  Naval 
Center   (NTEC), 
Division  (AS.O) , 
Laboratory  (ETL 

Investigations were begun to determine 
the data elements required for visual 
simulation. Discussions with various DoD 
users and contractors revealed that no 
one had the same requirement for MC&G 
support. Recognizing the importance of 
the next generation ci specifications, 
DMA hosted a meeting at St. Louis in Sept 
1978 for interested DoD users and 
contractors to take part in preparing a 
specification for visual simulation. 
Personnel in attendance represented Hq 
Strategic Air Command (SAC), Hq Military 
Airlift Command (MAC), Hq Tactical Air 
Command (TAC), Pacific Air Forces 

Training and Equipment 
Aeronautical Systems 

Engineering Topographic 
, Rome Air Development 

Center (RADC) and both production centers 
of DMA, Hydrographie/Topographie Center 
(DMAHTC) and Aerospace Center (DMAAC). 
The first meeting resulted in a decision 
to develop a Prototype Specification for 
data v.'hich was designed to support high 
resolution sensor simulation including 
Visual, Synthetic Aperature Radar (SAR), 
Low Light Level Television (LLLTV) and 
Infrared (IR). The prototype data will be 
used to evaluate how well high resolution 
sensor simulatior can be supported by aa 
enhanced DLMS. 

This paper covers only the planimetric 
(cultural and landscape) features. DMA 
believes that Standard Level I Terrain 
will be satisfactory for high resolution 
sensor simulation. 

DRAFT SPECIFICATION 

The next generation specification is one 
that must satisfy requirements for all 
services, therefore, DMA developed a 
policy on Future Data Bases to include the 
following major points: 

1. Common data elements will be 
established for multiple applications. 

2. The data will be stored in such a 
way as to perr.iit multiple product 
generation. 

3. The format will be designed to 
support evolving requirements. 

4. In order to save critical 
manpower, DMA will produce to the most 
stringent requirements where multiple 
products are scheduled. 

Utilizing this guideline and meeting with 
the various users and their support 
organizations, a prototype product 
specificatior was prepared and published 
in December 1979. Five areas in the 
continental J.S. were selected to be 
compiled to this specification and 
production was initiated. 

SPECIFICATION CHARACTERISTICS 

The Prototype Specification consists of 
geographically defined areas 
(manuscripts) which contain two separate 
levels of information. This information 
describes the geographic location and the 
associated descriptive information 
defining natural and man-made features on 
the surface of the earth (similar to 
current DLMS) . Level V (for visual) 
which is similar to Level I DLMS, is 
comprised of relatively large 
geographically defined areas containing a 
description and portrayal of natural and 
man-made features presented in a 
standardized digital format. Level V 
data is designed to cover large expanses 
of the earth's surface; therefore, it is 
designed to contain a generalized 
portrayal of features. Level V is meant 
to support the generation of high detail 
by using Computer Image Generation (CIG) 
and Synthetic Break-Up (SBU) techniques. 
CIG and SBU are processes by which 
descriptions of large homogeneous areal 
features (regions) are used with computer 
software to break features into component 
parts. It is expected that these 
techniques will be employed by the user as 
required. 

MAJOR DIFFERENCES BETWEEN LEVEL V 
AND LEVEL I 

1. Level V includes more features. 
Level V specification  includes 

all Line£ of Communication (LOC) such as 
roads, railroads/powerlines, etc., and 
streams, lakes and ponds. Level I was 
developed for radar simulation and 
generally contains only radar significant 
teatures. 

2. Level V utilizes microdescriptors 
Microdescriptors        (feature 

attribute attachment)are multipurpose 
descriptors which describe additional 
(visual) characteristics of a feature. 
By using this information as the basis for 
statistically based feature generation, a 
more realistic breakup can be performed 
than by purely random means. Four 
microdescriptors were developed for Level 
V. 

3. Level V has unique Surface 
Material Code for asphalt (SMC 14). 

Asphalt was included in SMC 9 in 
the DLMS specification. 

4. Level V portrays isolated 
structures (SMC 4) ncluding composition 
structures that are not radar significant 
but are visually significant. 

5. Feature Area Code (FAC) #1, of 
Level V is the most predominant 
background feature in the given area. In 
the DLMS specification, feature #1 is 
always normal <=cii. 
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6. No feature separation criteria is 
included in Level V. DLMS has an areal 
feature separation of 500 feet. Level V, 
without this separation, can be utilized 
to generate more realistic -scenes by 
showing continuous streams/features 
regardless of width. 

7. Level V portrays wood 
obstructions 50-150' high. DLMS portrays 
only those obstructions over 150'. 

TERRAIN ANALYSIS DATA 

In the fall of 1981, DMA was asked to 
expand the Level V format to accept the 
data elements of terrain analysis using 
DMAHTC's Draft Production Specifications 
for tne Tactical Terrain Data Base 
(1:50,000) dated September 1981. DMAAC 
created three additional microdescriptors 
and coordinated with HTC and Army 
personnel on common data elements. An 
area in Ft. Lewis, Washington was 
selected as a test. In order to compare 
the density of data and evaluate content, 
Level V and Level V enhanced with terrain 
analysis, were both compile 3 over 
Ft. Lewis. 

Figure 1 is a portion of the manuscript of 
the Ft. Lewis area compiled to the 
current 1977 DLMS specifications. Figure 
2 is the same area compiled to the Level 
V specifications and Figure 3 is the 
Terrain Analysis Specifications. The 
correlation of the data from these three 
specifications is extremely close.  Level 
V is compatible with Level 1 but defines 
the features in more detail. The terrain 
analysis manuscript is compatible with 
the Level V, and also portrays much more 
detail. Figure 4 shows the Level V and 
terrain analysis data merged and plotted 
into a manjcctipt for both Air Force and 
Army programs. This is the new Prototype 
High Resolution Specification capable of 
multiuse. It has common data elements and 
can be expanded to accept new 
requirements. 

DATA DENSITY 

The density of the data, as well as the 
resources required to produce Level V or 
enhanced Level V, can increase 3-5 times 
over the current Level I. In order to 
handle this magnitude of data, and have a 
specification that is as flexible to 
support multiple products, three 
additional microdescriptors are required. 
These microdescr iptors plus the four 
developed for Level V can be used when 
necessary to further define a feature to 
satisfy a specific product requirement. 
The available microdescriptors are as 
follows: 

1. Vertically   composite   feature 
(e.g., tower on a building). 

2. Homogeneous   area   descriptor 
(e.g., residential area). 

3. A  pattern  definition  (e.g., 
street or field pattern). 

4. Combination of 2 and 3. 
5. Vegetation 
6. Transportation 
7. Surface Drainage 

Figure 5 will be used as an example of 
data stored on a microdescriptor. For 
purposes of this example, feature number 
97 will bt utilized (Table 1). 

The Feature Analysis Data Table contains 
all the data recorded by the analysts for 
this feature. The top line is the primary 
descriptive information which is 
determined for all features (Table 2) and 
the succeeding lines will be 
microdescriptor information, if required. 
Feature number 97 is a forest area and 
requires the microdescriptor number 5 to 
satisfy the user requirement in this 
geographic area.  (T.^ble 3) 

PROTOTYPE TEST AREA 

The five geographic areas selected by the 
users for testing the Level V 
specification are as follows: 

Area 1 - A rectangle around 
Norfolk, VA and NAS Oceana containing 
approximately 4 50 SNM. 

Area 2 - A 15 mile radius circle 
centered on the main runway at Barksiale 

AFB, LA (700 SNM). 
Area 3 - An area around Little 

Rock AFB, AR containing 1850 SNM. 
Area 4 - 100 SNM over New York 

City covering Manhattan, Island. 
Area 5 - Fallon, Nevada.  An area of 

approximately 1400 SNM. 

These five areas will provide the user all 
types of culture and landscape 
information from large cities to desert 
areas and allow them to evaluate the 
adequacy of the specification. 

An additional area, No. 6, covering Ft. 
Lewis, Washington, has been produced 
containing both Level V and terrain 
analysis data. This area contains 250 
SNM. 

Other areas are being compiled to the 
terrain analysis enhanced Level V 
specification and should be completed by 
the end of 1982. 'i 
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96 2 4000 4 1 
96 1 10 32 10 
96     5 

TABLE   1 

FEATURE  ANALYSIS   DATA  TABLE 

4     56     10 

197     2     953112 
97     5     3     9   11 2     0     0 112 

98 2 4000     4     1 3 4 
98 1 10       32   10 
98 5 
99 2 953112 18 
99 2 3     9   11          4 2 0 0 

56       10 

3     112   8 

CODED   DESCRIPTIVE   DATA  FOR  FT.   LEWIS,   WASHINGTON 

TABLE   2 

FEATURE  ANALYSIS 
DATA  TABLE   (FADTP) 
PRIMARY   DESCRIPTOR 

FAC   NUMBER-97 
FEATURE  TYPE-2 
FEATURE   IDENTIFICATION  CODE-9531 
SURFACE  MATERIAL CATEGORY-12 
PREDOMINANT  HEIGHT-18 
NUMBER OF  MICRODESCRIPTORS-1 

TABLE   3 

VEGETATION 
MICRODESCRIPTOR   #5 

FAC  NUMBER-97 
MICRO  TYPE-5 
CANOPY   (SUMMER)   CLOSURE-3 
STEM   DIAMETER-9 
STEM  SPACING-11 
VEGETATION  ROUGHNESS   FACTOR-4 
UNDERGROWTH-2 
TREE  CROWN   DIA-0 
HEIGHT  OF  LOWEST   BRANCH-0 

SPECIFIC  TYPE-3 
QUALIFIER-1 

ST^TE  OF  GROUND-1 
DEPTH  OF  SMC   ROUGHNESS-2 
(MED   &  HEAVY  TANKS)-8 
ROUGHNESS    (LARGE  WHEEL  VECH)-0 

ROUGHNESS    (WHEEL  VECH)-0 
ROUGHNESS    (FOOT  TROOPS)-0 

CLOSURE   RATED  CONE   INDEX-0 

274 

irftoa^ai.,^-^.,.       nrV.ai^ffl^a,^  „^ ---     *_. •jiimm'itfffiii 



Figure 1 - Current DLMS Level I 

  d. 

FUgure 2 - Level V 

IWJ 
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Figure 3 - Terrain Analysis 

Figure 4 - Level V and Terrain Analysis 
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Figure 5 - Ft. Lewis, Washington Manuscript (Areal Features) 

SUMMARY 

Six domestic areas have been compiled 
using the new specification. These areas 
total approximately 5000 square nautical 
miles. The areas will be made available 
to the users for test and evaluation of 
the data content. DMA will be requesting 
comments on the specification as to the 
ability to satisfy current and future 
requirements. ASD is working with 
interested simulator contractors and is 
soliciting their comments. The Federal 
Republic of Germany and the United 
Kingdom have also indicated interest in 
the new specification. A copy of the 
specification and a magnetic tape of the 
Ft. Lewis area is being provided the?e 
NATO countries for their evaluation and 
comments. 

An evaluation plan is presently being 
developed by a committee headed by HQ DMA 
with members from each service, DMAHTC 
and DMAAC. The purpose of this plan is to 
establish milestones to insure that all 
comments are considered in the revision 
of the final specification. The goal is 
to have a specification that will support 
an all purpose multiuse digital data base 
in 1985. 

1. Defense 
"Product 
Landmaps 
AFS, MO. 
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SIMULATION METHODS FOR HIGH RESOLUTION 

ANALYSIS SONARS 

J.A.H. Shaw and T.J. Hunter 

Ferranti Computer Systems Ltd., 
Cheadle Heath, Stockport, Cheshire, U.K. 

ABSTRACT 

\i 

"* Training simulators for modern analysis sonar and sonobuoy processing equipments 

demand high accuracy target generators for maximum training value.  The essential requirement 
is fur high frequency stability and resolution and .i wide range of frequencies, whether 

these be represencing discrete signals or forming modulating envelopes.  This requirement is 

due to the high resolution of such n nars where any instability or, steps in the generated 

signals show on the analysed signal &:iA  can confuse trainees.  A ^Passive Acoustic Target^ 
module has been developed which satis.ties the above requirement. The paper describes the 

features and the method of realisation of the modules to satisfy the requirementv 

INTRODUCTION ^*  Processing the signals to represent 
those parts of the sonar system which are not 

Requirement used in the simulator. 

The equipment described in this pape^ was 
designed and produced to meet a training require- 

ment identified by various users.  The requirement 
was to produce sonar simulators for: 

1. Advanced Operator Training in the use 

of sophisticated analysis sonars and sonobuoy 

processing systems. 

2, Combined Tactical Training at an 

advanced level. 

The level of instruction which was to be 

given was identified by the potential instructors 
as requiring the use of operational equipment 

which would respond to the operators controls 

with a high degree of realism.  The use of fac- 

simile equipment was considered not to be accep- 
table for the high level of training to be done. 

It is therefore clear from the above 
constraints that it was necessary to produce a 

syC'.em which would stimulate sufficient of the 

operational equipment to satisfy the requirement. 
It will be appreciated that in producing such a 
stimulus to operational equipment, which is going 

to produce long term hard copy of the analysed 
signals, both long term and short term insta- 

bility need to be abcent In these analysed 

signals except for ones wnich form a part of the 

target vessel signature, and the resolution 
of the generator must be high so that st«ps in 

Che analysed waveform cannot be seen. 

Stimulation Signals 

The basic method of producing a stimulation 
signal for a sonar system is well known and basic- 

ally consists of: 

1. Generation of Target Produced noise. 

2. Generation of background noise to 

represent the environment in which the target 

exists. 

j.  The combination of these two components 

at the correct level at the transducer of the 

simulated sonar taking into account source 
strength;: and propagation losses. 

5.  Injection of these combined and pro- 

cessed signals into the operational equipment at 

the chosen point. 

The only item to be considered in this 
paper is the generation of the target produced 

noise. 

PASSIVE ACOUSTIC TARGET (PAT) MODULE 

PAT Components 

A block diagram of the PAT module is s'iown 

in Fig.l. The components of the PAT are: 

1. An Intelligent Interface Module (IIM) 

consisting of a n^.cro, rocessor with associated 
PROM and RAM to wnich data from the main sim- 

ulation computer is sent defining the targets to 

be generated.  This data is processed to generate 
the control signals and data for the remainder of 

the nodule. 

2. An Inverse Fourier Transform Module 
(IFTM) which generates accurately the required 

waveforms.  This is described in detail later. 

3. Analogue processing circuitry utilising 
the accurately generated waveforms to produce 

the final Vessel Radiated Noise (VIIN). 

It is not intended to discuss the IIM as it 
is i» "tandard microprocessor system, however the 

operation of the IFTM and the use of ehe signals 

to produce the VRN form the remainder of tais 
paper. 

IFTM 

Capability 

The module is capable of generating a total 

ot up to 25b spectral lines, each of which is 

ir.dependantiy controllable in frequency, phase 

and amplitude. The frequency resolution with 

which components may be set Is 0.0125Hz or 

better, and all component, frequencies are derived 
from a common crystal controlled oscillator. 
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INTELLIGENT 

INTER. ACF 

MODULE PASSIVE  ACOUSTIC OUTPUT 

FIG 1 PASSIVE ACOUSTIC TARGET MODULE 

Since the module is controlled by frequency data 

it is possible for controlling programs to take 
into account any modification to the spectrum cf 

the radiatec noise which may result from propa- 
gation through the vater.  The use of frequency 

data, rather than a time/amplitude sample tech- 
nique, allows both harmonically related and 

unrelated components to be generated simultan- 

eously.  Each spectral line \S independently 
controllable in frequency, acsplitude and phase 
but may be set to be a harmonic of another 

component if required by setting the irc^ueut-ies» 
as close as possible and phase-locking.  This 

generation technique rather than the amplitude 
sample one also means that t,ince the samples are 

computed by the module as required in real time 
it is possible to g«r^*rate a very low frequency 

component (e.g. U.J12 hi) at the same time as 
high frequencies (e.g. 3KHz) at the same output. 

The module produces four analogue output wave- 

forms, referred to as W, X, Y, Z. 

One output (W) is capable of producing 64 

components up to a frequency of 2XHz.  If th. 
twixiraum frequency required is greater than 2K.HU 

and ehe W output is limited to 32 components the 

maximum frequency is Increased to 4KHz .  Fig.2 

shows the summary of the capabilities in this 

format and this format is assumed for the 
remainder of the paper. 

An overall block diagram is shown in Fig.3. 

and Figs.4-7 show more detail. 
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Note 
2,3 

j .2 
2 

Number ot components 
frequency Range, Hz 
Frequency Resolution, Hz 
Kreque'U y Aceuracy 
Amplitude Control Range 
Amplitude Control increment 

Phase Control Range, deg. 

[Phase Control Increment, deg, 

<l.ü2  d;>  to  -4 7   dB, 
<2 dB  to -SA  dB 

unwanted  sideband   level 
with   respect   to   full 
output 

U  -  36U 
1.4 

Better   than  -3U  dB 
tor o/p frequency 
< 1.3kHz. 
Better than -AU dB 

1 tor o/p up to 4kHz 

Better than -5Ü dB 

NOTES 

1. The mnili.il,' is capable of generating frequencies up to n.4 kHz, 3.2 kHz, 60'J  Hz nnd bUU Hz res- 
pectively at outputs W,X.,Y,Z.  However, above the ranges quoted the wanted signal amplitude tails 

and the unwanted sideband level rises. 

2, The module is able to generate, simultaneously, up to the stated number ot components at any 

integral multiple of the stated resolution, within the stated Frequency Range. 

j.    Phase control accuracy deteriorates at high frequencies aiid is subject to some Limitations. 

4.    The principal unwanted sidebands arc at frequencies 13.1 kHz + Fw, b.b5 kHz + Fx, 1. t>4 kHz + i-\, z 

tor wanted frequencies Fu, Fx, Fy, ¥'z   at outputs W,X,Y,Z repect i ve ly. 

"3. Each component may be either a sine wave or a square wave, In the latter case the highest har- 
monic component frequency will correspond approximativ with the maximum ot the frequency range 

quoted. 

FU..2  IWbKSB KOURiEK TRANSFORM MODULE L.M'ABlLIl'Y 
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FREQUENCY 
PATA 

PMA3E 
DATA 

AMPLITUDE 
OA'A 

rREQUENCT 
CONTROL 

PHASE 
CONTROL 

S'NE 
LOOK- UP 

AMPLITUDE 
CONTROL 

ACCUMULATOR    —»- 1 

Fig 3    INVERSE   FOURIER   TRANSFORM   MODULE- 
OVERAL«.   SYSTEM    BLOCK   DIAGRAM 

Realisation 

Overall Description IFig.3) 

Data for the 32 + (w + b4 + b4 components 

of waveforms W,X,Y,Z respectively are loaded into 

RAM's under program contrti.  The loading is 

interleaved with reading ot data. 

At fixed (crystal controlled) intervals the 

module computes amplitude samples for the four 

outputs M,X,Y,Z.  Each sample comprises the sum 

of the samples computed for each ot the constit- 

uent components, which are computed serially. 

The computations ot samples for the foui 
outputs are interleaved.  E« eh HO microseconds, 

approximately, the module computes a full sample 

tor Waveform W ( '^ components), i.alf a sample (32 
components) tor U -vefurui X, and one quarter of a 
sample (lb components) for Waveform Y or Z.  Thus 

i full sample ot W is computed In one pass, a 
full sample of X in two passes, a:■;! i "ill sample 
of Y and Z in eight passes.  Tie computation rate 

is about one component sample per microsecond. 

The computation of one component vomprises: 

(i)   Add the content ot the frequency 
store to the previous phase-angle and store the 

new data. 

I.li)   Add the initial phase to the neu 

phase angle. 

(ill)  Look •••, the sine ot tins phase-angle. 

(iv)  Mu/t?ply the sine value by the 

mantissa ot tue amplitude. 

(v)   Shift the result '■>>• the exponent ot 
t'.ie amplitude. 

(vi)   Add the result 'o   the contents ot 
the accuraul.itor. 

Frequency Control (Fig.4) 

Frequency control data for all corapo   a 

-'s entered into the Frequency Store under program 

control. 

On each pass, data for each component is 

extracted from the store and added to the pre- 

vious phase angle for the relevant opponent: from 

the Phase Angle Store.  The new phase angle is 

then output via the Phase Control to the Sine 
Look-up, and the new phase angle replaces the 

previous one in the Phase Angle Store. 

TLus, on each pass, the Phase Angle (for a 

given component) is in^rerajnted by the "Frequency" 

The scaling is so chjsen that a Frequency of 1 
increments the Phase Anrle through a full cycle 

in 2-1-1 passes, which takes ÖU sees, for output W, 
lbO sees, for output X and b40 sees, for outputs 

Y and Z.  The corresponding frequency resolutions 

are thus Ü.0125Hz, U.00625Hz and 0.0015625Hz. 

The phase-angle register can be reset to 
zero by a control from the Phase Control sub- 

system, and it can also be held at the phase 

value of the preceding component by a control 

from the Phase control sub-svstem. 
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FREQUENCE  0A1A 

FREQUENCE 

STORE 

[RESET OR HOLD 

PHASE 

1         ADDER 

L 

ANGLE —• , 

"" 
I • 

1                                    » 

FROM 
PHASE   CONTROL 

DATA    TO 

PHASE   CONTROL 

CONTROL 

Fig 4 FREQUENCY CDNTROL 

Phase Control (Fig.5) 

Initial ph..»3t angles are loaded into the 

Initial Phase store under program control. 

On each pass, the Initial Phase for each 

component is read from the store at the same 

time as frequency da La is added to the phase 
angle from the Frequency Control sub-system. 

1 ich Lime a component sample is computed 
the sig. of the phase a igle is examined, and if 

it changt > from negative to positive the cycle 

INITIAL   PHASE  OATA 

court for that component is incremented-  The 

cycle count is compared with the stored Harmonic 

Number for that component and when equivalence 
occurs, and if a marker bit (Mkl) is set in the 

control data to indicate that the component is 
the reference for a harmonic series or modulated 

wave, the control logic goes about resetting the 
phase-angles for the other components of the 

group as they are computed.  The other components 
of the group are identified by another marker bit 

(Mk2).  The resetting of components with MK.2 set 
continues until another Mkl is seen*  (This could 

be the same Mkl that started the process, seen on 

the next pass). 

INITIAL 

CONTROL —»-—1 PHASE 

OATA  FROM 
i-HASE- ANt.F • 
STORE 

«RO 

CROSSING      f 

DETECTOR 

HARMONIC 
NUMBER DATA 

CONTROL   —•»—1 

HARMONIC 

NUMBER 

STORE 

CONTROL 
! 

EOlH"AlENCE 
D€TEC TOR 

DATA    TO 
SINE 
LOOK -UP 

MARKER  DATA 

MARKER 
STORE 

»H»--f -AN'HE    *- 

Fig5 PHASE    CONTROL 
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SINE/50UARE 
DATA 

1 
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DATA 

1 
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f 
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STORE 
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STORE 
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STORE 
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t 
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TRUE / 
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INE&ATORI 

LATA  TO 

CONTROL 
ACCUMULATOR 
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SIGN ! 

Fig 6 SINE LOOK-UP AND AMPLITUDE CONTROL 

Sine Look-up and Amplitude Control (Fig.6) 

The most significant bit of the phase-angle 
data represents 180°, and is used as the sign 

bit. The next bit represents 90° and is used to 
complement the less significant bits in the 
second and fourth quadrants.  The sine table 

represents angles from 0 to 90'. 

The ".ine value from the look-up table is 

then multiplied by the mantissa of the Amplitude 
data.  The result is shifted left (to positions 
of greater significance) by the exponent of the 

Amplitude data. 

The data is then negated if the sign bit is 

1* a marker bit is set in tr-« control data, 

the sine table is disabled and gives an output of 

1.  Thus a square wave (+1) is generated for any 
component which has this marker bit set. 

Accumulator and D/A Conversion (Fig.7) 

Components of a waveform sample are added 

in the accumulator.  The accumulator register is 

first cleared and successive components are then 

added to the register contents.  When the sample 

is complete (i.e. all components have been added) 
the accumulator register content is transferred 

to the D/A Register and the accumulator cleared 

again. 

Multiplexing 

The system as outlined is multiplexed 
between four outputs, W, X, Y and Z. 

On each pass (80 S) 32 components of W, 32 
components of X and 16 components of either Y or 

Z are computed and separately accumulated.  A 

complete sample (32 components) of W is thus 

computed on every pass, two passes are required 

for a full sample of X, and 8 passes are used to 

accumulate full samples of Y and Z.  When the 

complete samples have been accumulated they are 
transferred to the appropriate D/A register and 

the accumulators reset. 

DATA 
FROM 

AWLITLIO« 
CONTROL 

AMALPGUt 
' SIONAL 

OUTPUT 

Fig 7 ACCUMULATOR AND   D/A   CONVERSION 
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INTEUKiRiT 

INTF^FACF. 

rfODUlE 

PASSIVE ACOUSTIC ouiPin i 

PASSIVE   ACOUSTIC OUTPUT ? 

FIG 8  DOUBLE PASSIVE ACOUSTIC MODULE 

Utilisation of Generated Waveforms 

Fig.2 shows the utilisation of the gen- 

erated waveforms to produce the composite VRN. 
The W and X outputs form the discrete frequencies 

generated by the target.  The Y and Z outputs are 

used to modulate suitably filtered noise to 
represent cavitation and machinery noises. 
Unmodulated flew noise is also produced in the 

module.  These components are then added together 
in the correct ratio by use of attenuators and a 

summing amplifier to form the complete VRN for 
use in the simulators. 

Optional Alternative Generated W veforms 

Severa1 options are available for the IFTM 

but tne major use is to divide the Y and 7. 
outputs into two separate outputs (Yl, Y2, Zl and 
Z2) each with 32 components available.  Hence It 
is possible to confi<?ur^ the nodule to produce 

two target VRNs with W and X providing the 

discrete components for each target and with Yl 
and Y2, Zl and Z2 foxing the modulating Signals. 

This obviously halves the number of lines avail- 
able to each target but nevertheless produces a 
good target model. The modulating signals 

obviously have to modulate separate noise sources 

and separate flow noise is also required.  This 

configuration is shown in Fig.8. 
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RANGE-DEPENDENT OCEAN ACOUSTIC TRANSMISSION LOSS 
CALCULATIONS IN A REAL-TIME FRAMEWORK 
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rj* "*"—•—^^ Silver Spring, MD  20904 

\ ABSTRACT 

O^Most anti-submarine warfare (ASW) trainers for either airborne or sea- 
borne platforms require the simulation of ocean acoustic transmission loss to 
O model the submarine signals received by sonobuoys or towed/hull arrays. 
Current trainer software usually employs transmission loss calculations 
based on acoustic theories which assume the ocean environment to be range- 
independent. That is, these theories assume that such variables as water 
depth and the sound speed profile (ssp) do not change along the path of acous- 

f\_l tic transmission.   Although such ocean modeling is not realistic, the final 
l0^**     calculations have often been acceptable due to their high predictability. 

Q      "» With operational fleet equipment gaining in sophistication, the ocean 
l^Sm acoustic software which stimulates this equipment must be refined.  The 

introduction of range-dependent transmission loss calculations is one of the 
most important refinements. However, the associated theoretical problems 
are complex, and their solutions are difficult to implement practically, 
especially in simulators that require real-time software. 

This paper discusses some of the complications tha. range-dependent 
ocean acoustic modeling introduces and uses a prototype model, the Multiple- 
Profile Configuration (MPC) Ocean Model, developed by the Link Simulation 
Systems Division of the Singer Company, to present specific methods of resolv- 
ing these complications. 

The MPC Ocean Model includes both off-line and on-line modules. The 
former pre-calculates those databases that depend only on tha gaming area to 
be used, and the latter calculates, in real-time, the transmission loss of 
specific range-dependent acoustic paths. The on-line module includes srch 
features as selective ray tracing for deep ocean calculations, normal-mode 
calculations for shallow ocean areas, and simulation of seamount shadowing. 
All are used within the framework of range-dependent sound speed, water depth, 
and bottom type. This model is presently incorporated into a P3-C Orion, 
Weapon System Trainer. 

INTRODUCTION 

Tactical  considerations  of  anti- 
submarine warfare (ASW) lead +o   a variety 
of complicated operational scenarios.  A 4^1Ü ■** 
simplified axampie is depicted in Figure 
1, where emphasis is placed on the related 
ocean acoustics.  A jiven scenario .nay 
involve many airborne and seaborne plat- .Jf' 
forms frying to locate, evade, or attack • u   ^Af^l-^j 
each other.   Applications of underwater ■ """'   ■ 
acoustics play a major role in *"he first ( 

two of these objectives.   Consequently, . , ^.«n.. , 
ASW t-ra'ners must simulate ocean acoustic   i     ;     \.. 
phenomena,, and of cours?, they must do so 
in real-time to be effective.   Thus,  in   j ..'V 
addition to various non-acoustic systems •'     * 
(e.g.  radar,  position keeping,  magnetic   ' 
anomaly detection), such train*rs also 
include many software/hardware systems in   Figure 1.   ASW Ocean-Acoustic Scenario, 
order to simulate the relevant acoustics* 
signal  generation,  transmission,  reeep-       This paper focuses on the real-time 
tion, analysis, and display. software modeling of ocean acoustic 
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transmission. The prototype for this 
discussion is the Multiple-Profile Con- 
figuration (MPC) Ocean Model developed 
by the Link Simulation Systems Division 
(Link SSD) of the Singer Company, and 
which is presently incorporated into a 
P3-C Orion aircraft tra;ner. The MPC 
Ocean Model is a software package which 
simulates the acoustic transrT ssion loss 
for target signals received oy passive, 
omnidirectional sonobuoy systems. (This 
calculated loss is input to a digital 
signal generator; appropriate target 
characteristics are incorporated, and the 
output stimulates the on-board acoustic 
data processor providing the displays at 
the  aircraft   sensor   stations.) 

The MPC Ocean Model has as its design 
basis a combination of U.S. Navy research 
and development (R&D) transmission loss 
models, a feature it shares with most 
other trainer-based models- The reason is 
twofold. First, the major customer for 
ASW trainers is the Navy, whose trainees 
and fleet operators are briefed in the 
areas of acoustics using calculations made 
by Navy research models. Second, the Navy 
scientific laboratories have spent forty 
yedtb performing basic research and gene- 
rating most of the consequent computer 
models. They have tested and refined 
'•heir theories by numerous at-s2a experi- 
ments. Due to the unwieldy ocean environ- 
ment and the large number of uncontrolla- 
ble variables, the theory-experiment 
cycling process has been slow and expen- 
sive. Thus, it is cost-effective for 
trainer-configured oodels to utilize the 
fruits of this labor. It must be remem- 
bered, however, that whereas the various 
research models may execute for several 
seconds or minutes to or ain one calcu- 
lated result, their trainer-based counter- 
parts must run in real-time, which is *"yp- 
ically less than one second. This engi- 
neering problem is overcome by using vari- 
ous approximations t0 the full theories, 
by employing table look-ups of pre- 
calculated databar.es, or by combinations 
of   th,->se   approaches. 

The pas'" decade has seen ocean acous- 
tic research modeling rise to a relatively 
h i g h 1 e v e1 of •' h e o r e t i c a 1 a n d c omp u t a - 
Honal sophistication. Similar advances 
are being realized in the software/ 
hardware of i"he newest on—board Navy fleet 
operational systems. Hence, the detailed 
effects of the ocean environment on acous- 
tic transmission ,re now better understood 
and are also becoming more recognizable. 
This presents a rather complex problem in 
the design of realistic ASW simulation 
systems, because their level of sophisti- 
cation must parallel the fleet systems. 
To get enhanced transmission loss calcula- 
tions in real-Mme, considerable computa- 
tion power is required. As an example, 
out of four computers comprisinq the 
above-mentioned P3-C traine-, on>-> computer 
. s entirely dedicate«! for the MPC Ocean 
Mod'?!. This is notable because transmis- 
sion    loss    is   only    part    of    the    acoustics 

picture, and there are also many non- 
acoustic systems to be simulated. On pre- 
vious ASW trainers, much Less sophisti- 
cated transmission loss models have 
occupied substantially smaller portions of 
similar  computers. 

PREVIOUS   DESIGN   APPROACHES 

Perhaps the best known R&D transmis- 
sion    loss   model    is    the    Fast   Asymptotic 

Coherent Transmission (FACT) model, '' 
further distinguished by its use at Fleet 
Numerical Oceanography Center (FNOC) to 
generate standard aircrew ASW briefing 
packages. These Acoustic Sensor Range 
Prediction (ASRAP) packages are used by 
ASW instructors/trainees as well as the 
fleet. Each package includes plots of 
transmission loss versus range for various 
frequencies and sensor depth combinations. 
For example, for the four standard fre- 
quencies (50, 300, 850, 1700 Hz) and four 
combinations of target/sonobuoy depths 
(each being "shallow" or "deep"), the 
ASRAP package for a given ocean area 
includes sixteen transmisison loss curves. 
These curves sufficiently cover the 
FACT-generated loss data, for FACT treats 
the qiven ocean area as being environ- 
mentally range-independent. This means 
that the water depth is fixed (flat-bottom 
ocean model) and the sound speed profile 
and Lot torn type remain constant with 
range. 

With such precedence, i( is no wonder 
that the FACT model figures heavily in 
the design bases of most previous ASW 
simulators. In    particular,     P3 -1y pe 
simulators have, for 10 years, employed 
a simple table look-up approach. The 
on-line model linearly interpolates/ 
extrapolates the pre-ealculated FACT loss 
data for the actual frequencies, ranges, 
an : depths of interest. The resultant 
losses are not necessarily correct, but 
they provide the advantage of being very 
accurately predictable, with smooth 
transitions between ASRAP values. Link 
S S D-d e v e1o p e d submarine trainers o£ 
younger vintage employ FACT directly 
on-line, although modified and re-coded 
ror real-time. This approach signifi- 
cantly increases the required computer 
power, but it produces agreement with FACT 
ut     all     frequencies,     ranges,     and    depths. 

Other traine 3 (e.g. the S3-A Viking 
aircraft series) also use a direct calcu- 
lation approach. A simplified ocean 
environment is mod a led, using standard 
R&D-based techniques approximated to yield 
real-time transmission loss c.ilculat i jns. 
The classically observed ei fects 1 re 
modeied, sometimes better than FACT, but 
with the disadvantage of r.o* matching (-hat 
model. 

What all of these approaches have in 
common are their exclusion or range 
dependence in the ocean o»nv i ronmen'.. 
Consequently, their results ar< predict- 
able,    but    they    are   often    inadequate    for 
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modeling a realistic ocean area. However, 
with the mutual increase in computer power 
and research model capabilities, range 
dependence can now be incorporated int-j 
the simulation computer complex, as it 
should be with fleet equipment gaining in 
sophi stication. 

RANGE-DEPENDENT TRANSMISSION LOSS 

Background 

The ocean environment is nonhomogen- 
eous in every respect. Although the 
parameters that vary with range are many, 
those parameters having an appreciable 
effect on acoustic transmission loss have 
been identified and studied by numerous 
scientists. These parameters are illus- 
trated in Figure 2. The short-dashed 
lines shown emanating from the target in 
the figure are acoustic rays. Ray tracing 
(about which more wall be said later) is 
one method, fortunately a very graphic 
one, of analyzing how emitted signals are 
transmitted to an underwater receiver. It 
is used by a number of research models 
including FACT, and is the basis for the 
deep ocean calculations of the MPC Ocean 
Model. Ray tracing is easy to extend 
theoretically to include a range-dependent 
environment; this has been accomplished 
for example, by the following research 
models:   RAYWAVE II [Naval Ocean Systems 

Center (NOSC)]/3) TR.LMAIN [Naval Research 
I 4) 

Laboratory (NRL)1,V ; and GRASS:   Germi- 

nating Ray Acoustics Simulation System 

(NRL). "'' To implement range-dependent 
ray tracing practically, however, is 
difficult, especially in simulators that 
require real-time software. 

intercepted ray. Also, note how the 
direction of energy/ transmission changes 
after an encounter /with the ocean bottom. 
Ray tracing assume^ that incident rays are 
specularly refle/cted off of the ocean 
bottom. Hence,/a change in the bottom 
slope yields art effective change in the 
incident grazing angle, thus producing a 
reflected ray/that is depends it on the 
bottom slope (/see inset in Figure 2). The 
effect that a/ sloping bottom versus a flat 
bottom may >iave on 'ransmi ssi on loss is 
dramat i call/y illustrated in t igure 3, 
which was generated by the GRASS model. 

"l / 
    FLAT 

 SLOPING 

r\^\ 

3 100 
DANCE   (NM) 

Figure    3 .        Effect     of    SIo p i ng    Bottom 
on   Transmission   Loss. 

\r- 

L-^v 

"""'' [/"v :::::, 

Figure     2. Range    Dependence     in     the 
Ocean  Enviromnout. 

Figure 2 shows graphically some of 
the consequences of range dependence for 
ray t ra cinq. As in the of I e et tha ♦ 
p i nnac I es    (or    .-5e amoun t s )    ma y   ha v e   u t 
blocking     f ur ♦ )■ e r     * r a n smi ssion    o f    a n 

Of course, some of the bottom-bounce 
ray energy JS 

hransmitted into the bottom 
and lost, a phenomenon which 3s also 
dependent on the effective grazing angle. 
This bottom loss depends also on the 
typo    of    material     comprising    the    bot ton.. 

(NAVOCEANO) hut, categorized nine standard 
bottom types ( >ne to nine, ranging from 
rock to light mail. Their effects \\ave 
been     empirically     uef e r;.ii ned ;     standard 

bottom     i oss 
Figure  4. 

c u r \ es i r e  s hown 

Often, the ;nos' important range- 
dependent parameter is the sound speed 
profile (sspi. Its effect is manifested 
in ray tracing by a change in the curva- 
ture of th( r.iys as they are framed. 
Figure 2 shows a frontal zone across which 
the asp varies from sspi on the target 
side to ssp2 on MK1

 sonobuoy side. The 
effect th.it such multiple profiles may 
have or. ransmi ssi on loss is shown in 
Fiqure 5 (also generated by GRASS). T» e 
changes in the convergence zones (cz's) 
are notably conspicuous. 
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become very influential on the transmis- 
sion loss curves. Rather than present 
another loss versus range comparison, 
Figure 6 shows the effect that different 
shallow ocean sediment types may have 
on the beam response of a horizontal 
array    receivex- (The    calculations    were 
made using an unshaded, linearly-spaced 
discrete   array  with   linear   steering,   using 

normal-mode theory1 .) Whereas the 
response pattern for the sand-silt-clay 
environment is nearly plane wave in 
character, a change to coarse sand sedi- 
ment (all other parameters being equal) 
severely degrades the array response. 
Beam sh'ftjng, broadening, and splitting 
are all evident. Although our prototype 
P3-C is not required to model array re- 
ceivers, the illustration in Figure 6 is 
useful for surface ship trainer design 
which must   simulate  towed  arrays. 

Figure 4. Nominal Bottom Loss Curves for 
the Frequency Range 1-4 kHz, Divided into 
the   nine  NAVOCEANO Classes. 

SAND-S'LT-CLAY 

MULTIPLE  PROFILE 

Figure 5.  Effect of Range-Dependent Sound 
Speed Profile (ssp) on Transmission Loss. 

The limiting case reached by a 
steeply sloping bottom is the so-called 
shallow ocean. Such an area corresponds 
to an ocean region overlying the conti- 
nental shell". In i shallow ocean environ- 
ment, the surface and bottom interactions 
of *he acoustic energy are so great as ^o 
rentier ray-tracing techniques ineffective, 
and an entirely different theory must be 
used, whereby the ocean becomes an acous- 
tic waveguide (see discussion below). An 
additional complication is the amplified 
importance of the unconsolidated sediment 
overlying »he bottom. The type of sedi- 
mentary material and it« thickness both 

Mil 

V 
1;. 

1 i 
1 In 

'./ II II 

COARSE SAND 

L. 

Mil 
Figure 6. Beam Response vs. Steering De- 
lay Time. A 100-element array was placed 
at 9 km from the source in a downward 
refracting ssp. The calculations shown 
are for (a) sand-silt-clay and (b) coarse 
sar.d sediment types. Tick-marks along 
the   y-axis   are   spaced   at    5   dB   intervals. 

Imr mentation 

In order to include range dependence 
in the modeled ocean environment, it 
is clear that the FACT model must be 
abandoned (or extensively modified). 
Viable alternatives include many Navy- 
developed models such as those mentioned 
above (RAYWAVE II, TRIMAIN, GRASS) and the 
following: FACTEX (FACT Extended to 
include range dependence), at Naval 
Ocean    Research    and    Development     Activity 

(NORDA); RAYMODE X (or a range-dependent 
update of it), at Naval Undervater Systems 

(8,9) Center     (NUSC) 

Program),    at 
E q u a r ion) 

NRL;     (Il<12> 

t he 
(10) 

FFP     (Fast     Field 

NUSC;V*"'     the 
Program,     at 

PE    (Parabolic 
NORDA     and 

RP-70,    at    FNOC;       and    MOATL 

No    documentation    currently    available. 
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(Hoda.l ,'\coust.ic Transmission Loss), at: 
NHL (13,14) Th 
of' ese models exploit a variety 

approaches, thereby emphasizing 
clj Cf~t·enl: ctSf-'et:•.s uf the <tcou~:~tic trans
mJSSlOn problem. The last model cited 
(1-101\TL) J s esoecially sui ted to shallow 
oce~n crtlcul.-:~tions, <tnd forms the design 
basJs for such calculations in the MPC 
Ocean Model. These and other existing 
models_ may be "mixed and matched" and 
approxJmated for a given real-time design 
effort. 

A·uctnJOflt:U along \o~iith. the direct use
of FACT, must be the simplistic table 
look-up appro<~ch. As we have seen, range 
dependence Jntroduces a host of new 
variables to be considered for a given 
ocean gaming area (typically 300 nm to 500 
t
1
lln S<]Ui!re). .\long a given transect 
.~arget-to-sonobuoy path, as viewed 
top-side), there may be multiple bottom 
slo~es. and bottom types and multiple ssp 
vaoGtJons. Bvcause the gaming area is 
three-dimensional [as opposed to the 
two-dimensional (r,z only) environment of 
the rese.:~rch models], changes in lateral 
(x,y) locations of the sensors prorluce an 
almost infinite variety of important range 
dependencies. (Refer to Figure 2 for 
definitions of the axes/dimensions.) For 
·~ x amp 1 e , i n F i g u :· e 2 , i f the t a r get i s 
moved perpendicularly away from the plane 
of the page, then the new transect crosses 
a wider. frontal zone and the bottom slopes 
.Jr.e less pronounced. The pinnacle shown 
(or others) may or may not intersect the 
t ra:1sect. It is easy to determine that. 
transmission loss table ~izes, for a 
look-tm approach, cnn exceed 100 million 
viilues. Data storage and acc~sn time both 
become problems. Further., jn.plementation 
of i.nter.polations and corrections to table 
look-ups is not st raJ ghtforwar.d. More 
fL'ndament-ally, it is not theoretically 
cleur. what ti1ese correct i ens should be, 
For example, if a particular. bottom slope 
vari.ation along a gi.ven transect is 
cl1<1l1<Jl'd or. movod out J n range, then the 
r.ily~ traced may or. may not be nffected. 
>vhethe1:, and how, ar.e dependent on a 
number. of vadables in a way not readily 
deter.mi.ned without actually tracing the 
ri1ys. 

The straightforward solution to these 
problems is to calculate the transmission 
loss on-line, using the actual range
dependent ocean conditions along the 
transect. (This is the approach of the 
t.:Pc Ocean Model, as discussed below.) 
To obtain real-time results, many approxi
mations to the theory must be made. 
These must be carefully chosen to preserve 
both the desired effects and their theo
retical authentici.ty. 

The final. thing abandoned is strict 
agreement with FACT, or for that matter., 
with nny r.ese0rch model or any set of ex
pe~i men till_ r~ata.. The advant11ge gained by 
thJs sacr:J.fJce JS the real-time model:i.ng 
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o~ the important range-dependent effects, 
WJth some time and trouble, however, 
pre~ictability can be regained. The 
traln~r-based model can be exercised in an 
off-11ne research-oriented environment to 
generate loss and even ray-trace plots. 
These, i.n turn, can b~:~ distilled to a 
:easona?le-size package for use i.n brief
lng tra1nees and by instructors during the 
training mission. 

THE MPC OCEAN MODEL 

De~ i.qn Approach 

The MPC Ocean Model has a modular 
r>tructure which, to allow for modi fica
tiona an~ additions, follows the principle 
of functJonal decomposition. It consists 
of both off-line and on-line portJons, as 
shown in Figure 7. Off-line functions 
include gaming area specification, calcu
lation of gami.ng area grid tables, and 
other calculations of data that do not 
depend on specific trannects. These 
calculations are performed to save time 
on-line, and result in a database of 
approximately fifty thousand words per 
gaming area (about ninety pe~cent of this 
is for the shallow ocean). The. on-1 ine 
modules calculate the transmission loss at 
the four passive ASRAP frequencies fCJr up 
to 51 different target-sonobuoy pairs in 
about ten seconds. Al thougL the average 
time per transect is roughly two hundred 
mi:lliseconds, the actual time for any 
glven transect can vary from several 
milliseconds to about a second. For this 
reason, most of the modules execute in 
background. They are called on demand by 
the fixed-frame Target-Sonobuoy Scheduler, 
which tracks the time between updates and 
CJ.G~igns priority to each tar.get-sonobuoy 
paJ.r · The Geometry Model calculates all 
the non-acoustic parameters along the 
scheduled transeci: and then calls the 
Shallow Ocean or. Deep Ocean MoJel. These 
two transmission loss models are discussed 
below. 

MP(' OCf•N loWf\fl 

~
I 
I---

'!ilt&l 1 
\U'"' --------ClttA I 

~~j I 
-. I 

Figure 7. Software Work Breakdown 
Structure of the MPC Oeean Model. 
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Even with a whole computer dedicated 
for the MPC Ocean Model, real-time calcu- 
lations arc not easy *o achieve. To this 
end, all of the on-line modules are 
written in Assembler language. Further- 
more, they employ mostly single-precision 
(16-bit) words in carefully-scaled fixed- 
point arithmetic. Double precision is 
occasionally used when needed, as «s the 
floating-point processor. With computers 
gaining in speed, us? of higher-level lan- 
guages (e.g., FORTRAN) and all floating- 
point arithmetic n»y be possible in 
similar efforts of the future, but careful 
deliberation is warranted The abilities 
of available compilers to generate effi- 
cient    machine    code    must     be    scrutinized. 

As stated before, approximations to 
the fall t-heories are also required; some 
of   these   are  discussed below. 

MPC Deep Ocean 

öpeci fi cat ion. The MPC Deep Ocean 
Model calculates the transmission loss at 
the four ASRAP frequencies when the 
selected transect is in water deeper than 
150 meters. \ deep ocean gaming area is 
shown in Figure 8, where range dependence 
in water depth is signified by the bottom 
contour lines. Figure 8a was traced from 
a bathymetric chart of an area southeast 
of Japan. Figure 8b illustrates an 
acceptable specification of this same area 
for the MPC Ocean Model. The circles 
represent pinnacles with top-depths as 
marked. There are many sloping-bottom 
areas, for example, the one marked "A". 
An exemplary flat-hot torn area is marked 
"B' . A 9000-meter trench is marked "C". 
Although not illustrated, ridges are 
modeled   similar]//. 

For t ne same gaming area as shown 
in Figure 8, specification of a range- 
dependent bottom type is shown in Figure 
9. The actual bottom variations are 
given in Figure 9a. Figure 9b illustrates 
the rectangular-region i nput- method used 
by t lie model. The minimum resolution 
allowed by tr? MPC Ocean Model is 8 am« 
Correspondingly, the off-line module 
generates a 38x38-value grid < .ible for 
later   access  on-line. 

In Figure 10, the ocean currents 
and a front regior are shown. Currents 
are not used directly in the transmission 
loss calculations. They merely account 
for the dynamic drift of targets ana 
sonobuoys, and are stored in a grid 
»•able similar to that for bottom types. 
However, associated with currents are 
temperature fluctuation«, which can 
give rise to a front, across which the 
ssp show* its greatest variations. As 
indicated in Figure 10b, the MPC Ocear 
Model allows for regions of constant 
ssp separated by frontal zones acruss 
which the ssp varies. Some of the front - 
dependent data Arc generated off-line 
to save time. Some are not, however, 
because  the  fange-vari*tion across  *  given 

M3F- 
ftt ()P?1- 

(a) 

(h\ 

Figure 8. Gaming Area. A 300-nm square 
area showing bottom contour» (depth unit* 
arc meters). (a) Actual ar»a. (b) Same 
*rea a» »im^la*««* by the HPC  Ocean Model- 
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<*. iKo^om Type. Specification 
t he NWOCEANO numbering system. 
*jal    ar«*.*.        (b)    Simulated    area. 

no 
Figure    10.         Front-Region Specification.. 
(n)   Actual   area«    showing currents   Mi>»» 
help   produce   the   front. (t>)   Simulated 
f ror.t, demonstrating that the variation 
from Profile 1 to 11 depends on how the 
front    is   crossed. 
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front- will change with respect to the 
bearing of a specific transect (compare 
"A" to "B" in Figure 10b). 

It should be pointed out that the 
gaming area of Figures 8-10 illustrates 
the level of range dependence afforded by 
the MPC Ocean Model, and is not intended 
for the no/ice trainee. The simulator- 
based training period must be organized 
(and perhaps extended) so ?»<* to progress 
from the simpler to the more complex ocean 
envi roiiment s. 

Caicuiari ons. The 
c a 1 c u 1 a 

deep   ocean 
Lions    are 

trans- 
based 
w h i c h 

mission     less 
primarily    on    ray-trace    theory, 

arises   as    follows:      "' theoretically, 
the   transmission   of   acoustic   energy   obeys 
the    wave    equation,     which    for    a    harmonic 

takes   the    form: point    source   at    depth   z 

2 [' * *'] - - ' { x ) 

0 

(y) ;u 

Here, .  = 2  f 
The sound speed 

tial  I = : e-1 

is the angular frequency, 
c and the velocity poten- 

are both functions of 

position. The acoustic pressure, hence 
the transmission loss, can be calculated 
from the velocity potential. Assumina a 
solution in the form 

i W 
; = Ae    (A,W functions of position)  (2) 

results in the eikonal equation, 

•W.2 
■*>2- 

■W,2 
(3) 

which is the basis for ray tracing, The 
surfaces of constant phase (W = constant) 
are the wave fronts, and the nor'nuus to 
thes<? are acoustic rays. 

The ca leuIatjona 1 procedure JS to 
trace the various rays from the source out 
to the receiver range, assign the rays to 
families (having like trace histories), 
and Mien perform standard ray-intensity 
spreading techniques U) get the trans- 
mission loss. To accompli si; this in real- 
time, the MPC Ocean Model makes a funda- 
mental approximation. Only 20 r.ws '\rf 
traced, as opposed to hundreds or even a 
thousand as ,\ro traced by most research 
mc.lels. To enhance the value of these 20 
rays, there is extensive logic to direct 
the ray fan up or down, and to adjust the 
angular spacing between the individual 
rays leaving tV source. 

Equation ( J > shows the dependence of 
ray tracing on variations in sound sjxred. 
Consider first a constant ssp (non-front) 
reqion, such as tha* where the targe' JS 

located in Figure 11. As shown there, t h<* 
MPC Ocean Model assumes a piece-wise 
linear ssp, with up to five layers, in 
e*«.h of which the sound speed gradient 
is constant.  This is an assumption also 

made by many research models, with the 
convenient result that the ray path in 
each layer follows the arc of a circle. 
This is an aid to real-time calculations, 
whereby several trigonometric table look- 
ups (along with a few other calculations 
and extensive logic) suffice to trace a 
given ray through a given layer. For some 
rays, such as the one labeled "A" in 
Figure 11, symmetry allows the stored data 
fur several layers to ue quickly "folded 
out" jn range (without recalculation). At 
the onset of the front, however, new 
calculations must be made. After studying 
several research models (including GRASS 
and TRIMA1N), the front-region techniques 
of RAYWAVE 11 were adapted for use in the 

MPC Ocean Model. As shown in Figure 
11, the front is broken into triangular 
regions. For each triangle, an average 
sound speed gradient is determined, which 
now has a range-component as well as a 
depth-component. By a rotation of coor- 
dinates, however, the ranoe dependence is 
temporarily "eliminated"; the ray is effi- 
ciently traced to the next boundary in the 
standard manner, and then an inverse coor- 
dinate rotation is performed. Although 
quick, it is found that the front-trace 
calculations consume the ma"1 or portion of 
the total transect calculation time. This 
is the price paid for range dependence. 

To model a sloping bottom, the range 
and grazing anqle of the ray at the point 
of bottom interception must be determined 
(refer to Figure 2). This requires 
finding a solution for the intersection 
o f two e q u a t i o n s , one Dei nq the a r c 
of a circle (the ray), and the other a 
sloping line (the bottom). To save time 
during most of the "normal" trace, these 
considerations (i.e., calculations for 
determination of a bottom intercept) are 
not made until a ray has penetrated the 
so-called "false bottom," a pre-ca leulated 
parameter which is illustrated in Figure 
11 (ray penetration occurs at point "B"). 

Fiqure    11. 
Hw^i one. 

Boundary*    tk»*we*n   Kay-Trace 
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!laving extended, ox~.olled, and 
exhilus~.ed ray-l".rilcing ~.echniques, it must 
be conceded t.ha~. ~.here are special cases 
where ~he ~.heory breaks down. In going 
fr01~ Equa~.ion (1) t.o Equa~.ion (3), one 
bilslc assumpt.ion mus~. be made. The 
fract.ional change in t.he sound speed 
gradien~. over ~.he dis~.ance of an acous
tical w~velengt.h must. be small in compar
lson Wlt.h the qradient. In terms of 
frequency, t.his ~eans t.hat: 

(4) 

Thus, at. the bottom of the ocean, the ssp 
<liscontinuit-.ies Are such as t.o render 
Equation (3), hence ray tracing, invalid. 
In r:he deep ocean, however, where there 
.1re few bot-.t.om encount.ers per ray, bott.om 
loss may be assigned in an empirical 
manner (the curves were given in Figure 4) 
and ~.he result-.s are accept.able. In a 
similar way, sea state-dependent and 
frequency-dependent surface locs may be 
assigned to rays reflectinq off of the 

sea's surface( 6
) (:;ee ray "~" in Figure 

ll). tn a shallow ocean environmenl"., ~.he 
extensive surface and bot.t.om interactions 
require a different approach altogether 
(see below). 

More gen2rally (ot.her t.han at. the 
bot-.t-.om or a~". t.he surface), wherever the 
sound speed gradient. changes abruptly, 
such as at. the layer boundaries in the MPC 
Ocei1n Model, ~.here is a chance that. ray 
t·.racing will break down. These commonlv 
encoun"t.e red special cases include t"r1~ 
phenomena of leaknge int.o a shadow zone, 
int.ensit.y "roll-off" from a cz, and a 
surface duct. They are illustrated in 
Figure 12, where a plot. of rela~.ive loss 
has been included t.o show ~.heir effect.s on 
t.rfln!'lrnission loss. Reference t.o Equat.ion 
( 4) shows t.hat. t.he devia~.ion of t.hese 
cffec~s from ray-trace predic~ions are 
more pronounced a~. lower frequencies. 

'" ~IJIHA([ CUCf : ~ 
P1~~ar. -,~ - - ---- --- i - -,d 

'HI A (lOW I tH IR't'111C ' I I 

~HAOOW _./ ,' 
10Hf ,- ~ ,';; 

//.. .. -.rArt">F lk:lffO\A ~ 1 .. 
--~ lfJIJj.j(( "' .. '5 .... ~v 

\ \ ' ; 
' ........ ' ......... ' ..,. ~ :'' ~ ,. ,.,.. 

~~~~:::~~=·:=~=----=---, 
III'AHtit ' ., 

Figure 12. Deep Oce~n Special Casos. 

'l'he MPC Ocean Model adapt.s t.he 

findingo of research workers(!?) regarding 
the frequency-dependent and ssp gradient
de'?endent. effects of a shadow zone. In 
t.h~ s a~apta t.ion, the · "!Tmi ting rays" used 
~.o def~ne the shadow zone are ~.raced, so 
~.hat range dependence enters i'\s it does 
for tht> rays in the standard !"l.n. 

The other special cases are treated 
by the FACT model in an empirical, fre
quency-dependtmt manner. The asymptotic 
int.ensit.y method for roll-off from a cz 
caustic (from FACT) is modified and 
limited t.o give the basic effects in a 
real-time framework. However, the actual 
cz determinat.ion is an integral part of 
the MPC ray-trace procedure, and as such, 
models the range de~endence not considered 
by FACT. MPC Ocean surface duct. calcula
tions also follow those of FACT. They are 
dependent, however, on such factors as the 
sound speed gradient. and the duct depth, 
both of which are allowed to vary across a 
front. in t.he MPC Ocean Model. Range 
dependence is included through these 
parameters. 

Pinnacles also represent a special 
case. Diffract.ion around a pinnacle has 
been determined to be a negligible effect. 

for frequencies above 25 Hz, ( 18 ' 19 ) so 
t.hat modified ray tracing can be retained. 
As shadowing can be important, this effect 
is modeled simply by cutting off any ~ays 
that. in~.ersect ~.he pinnacle (refer ~-O 
Figure 2). 

MPC Shallow Ocean 

Introduction. The MPC Shallow Ocean 
Model has the task of calculating the pas
sive t.ransmission loss when the t.ransect. 
is in water shallower th~n 150 meters. In 
such an environment, ray-trace theory is 
better replaced by the more exact normal
mode theory, as has been mentioned. This 
is effected by dropping the assumption, 
Equat.ion ( 4), whicl, led t.o f.he eikonal 
equation, and returning to solve the wave 
equation, Equation ( 1), dircct.ly. To 
tailor normal-mode theory to fit-. a real
time framework, the MPC Ocean Model makes 
use of t.he adiabat.ic· ·approxi.mat.ion, t.hat 
is, the range dependence is slow enough 
t.hat t.he wave equation is "locally separ
able," and fur~.her, t.ha~. the modal solu
tions so obtained involve no inter-coupl
ing of energy. These approximations are 
used by almost. every research model, and 

have been shown( 20) to be qui~.e good, 
~Ven for bottom slopes of up to 10 de
grees. Implementat.ion :l.n the MPC Ocean 
Model involves the off-line solution of a 
range-independent. problem at sev~ral user• 
specified environmental sit.es. During 
trainer operation, the on-line module per
forms a c~rtdin range-average of the pre
st:ored mCldnl parameters of t.hose environ
ments whic•,1 are crossed by the t:ransect .• 
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Off-Line Module. By assuming ideal- 
ized boundary conditions, the velocity 
potential in Equation (1) is given by a 
certain sum of normal modes, or eigen- 
f unctions    u    (z);     each    satisfies     the 

depth-separated wave equation: 

d2u 

-r + 
dz [c>2 - ^ -r = (5) 

is    the    eigenvalue    or    modal 
(15,16)        _ . ^v     , 

where    k 

wave nunber/w,lul This method is 
adapted for use by the MPC Shallow Ocean 
Model,     following    the   Navy    research   model 

MOATL. f For   a    fixed   eigenvalue, 
depth-variations     in    the    sound     speed 
may   cause   the   quantity    [in   brackets    in 
Equation    (5)]    to   vary    from   positive   to 
negative,    in   which   case,    the   character   of 
the   modal    solution   u      will    vary    from 

n 
sinusoidal to exponential. Sample ssp's 
and corresponding normal modes, which 
represent depth distributions of the 
acoustic pressure, are shown in Figure .13. 
It is evident there, tha* such features 
as surface ducts and shadow zones are 
intrinsically modeled by the norma 1- 
mode approach. Cz' s are also implicit, 
although their occurence in the waveguide- 
like   shallow  ocean   is   rare. 

i490 ii.0 

2 L5 

«ACT s NUSOIOS 

1490 iftO 

«t» SAC  **& 

i* «0 iS'O 

OJOl. L ATCWY   «NO EXPONINTIAL 

7V£ 

j I i_b_ 
-2 ^-J 4 S 

figure    13.       Nor ma l-Mode    Pressure   Distri- 
butions    (souni   speed   units   are   m/sec). 

Equation (5) is solved off-line for 
eacHh shallow ocean environment, each of 
which is independently defined by ifs 
water depth, ssp, and sediment type ^nA 
thickness. A shallow ocean gaming area in 
'he East China Sea is shown in figure 14. 
The act ua 1 area ( F I gu re i 4a ) i s mode 1 e<i 
(Figure 14b) using six independent envi- 
ronmental contours, labeled with Roman 
numerals. For the first four of these 
(corresponding to the transect shown in 
fiqiire   J4ih).    *  hypothetical   model   input    iS 

illustrated    in    Figure    15.        The    sediment- 
type   names   given   are    standard    in   the 

literature,     as    are    their    properties, 
which   are    supplied    internally   by   the 
off-line    module. Effects    of    sediment, 
variation    have    already        >en    demonstrated 
in   Figure  6. 
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Figure 14. A Typical Shallow Ocean Jammg 
Area. (a) Actual area. (b) Simulated 
area.  (Depth units are meters.) 
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Figure 15. Environmen~al Parame~ers Along 
~he Transec~ Defined in Figure 14b 

For up ~-O six environmen~.s, Equa
+-.ion (5) is sol·Jed separa~.ely fJr each 
of ".he four ASRAP frequencies (t.hus, 
frequency-dependen~ effec~s are inheren~). 
For each of t-.hese 24 cases, a maximum of 
25 normal :nodes are calcula~ed. Each 
storej eiqenfield consis~s of 76 dep~h 
values of ~he eigenfunc~ion (normal mode), 
t.he eigenvalue, and ~.wo at.t.enuat.ion 
coefficient.s. The t-.o~al st.orage for a 
given gaming area is approximately forty
five t·hous<H1<l (16-bit-.) words. The 25-mode 
limi +. is a fundament-.al approxima+.ion .of 
~he MPC Ocean Model, made to save storage 
and on-line mode-summa+.ion time. Although 
t-.he act-.ual number of modes supported by 
t-.he deepest. environment.s for t.he highest 
frequency can exceed 400, trunca t-.ion to 
~he lowes~-order 25 is justified for 
t-.raining purposP.s because all t.he salient-. 

* fea~ures are re~ained. 

On-Line Module. When t-.he wave equa-
tion is solved direc~ly via normal-mode 
theory, it is found that: the transmission 
loss is given, under the adiaLctic approx-

imat-.ion: by: { 
271 TL = -lvlog10 n-u-
T c; 

[ 

(T) • (S) 
N un (zT) ·l.n (zs) 
1: 

rJ 1 2 
n=l ''n 

(6) 

* Verified by privat.e calculat.ions, and 
also by Reference (21). 

'rhe included range dependence is 
illus~rated by explaining the terms in 
Equation (6). The terms H and H are 

T S 
t.he wat.er dept.hs at. t.he t-.arget. and sono
buoy locat-.ionl:l. Tre use of t.heir product 

is an extension of H 2 , found in the 
flat-bottom case. In the summation of 

modes, u (T) and u (S) are similar range-n n 
dependence extensions, representing the 
two different sets of modes generated for 
the target and sonobuoy locations. As it 
is unlikely thnt the ~arget (sonobuoy) 
will be loca~ed directly on one of the 
input. environment-.aJ. con+.ours, t.he MPC 
Shallow Ocean ~lodel performs an int-.erpo
la~ion be~ween ~he pre-calcula~ed se~s of 
modes at. t.he two environment.s closest. to 
+.he t.ar<Jet-. (so no buoy). The dept.h of t.he 

t: a r g e t. i s z • u ( T ) ( z T ) i s t. h u s , t h e 
T' n 

closes+_ of the 76 st.ored dept.h values +.o 
this depth (and similarly for the sonobuoy 
modes). The +.erm f-'. is t.he t.ransect:-

n 
averaged value of the product of the 
eigenvalue and the total range, knr. 

Schematically, for +.he specific t.ransect: 
shown i n F i c '.l r e s 1 4 b and 1 c; , the r e i s : 

T III II II s 

~r J_,_ ..J.,. r ..j r 2 r 4 " l- j 
l< (III,II) 

-~< (:I) 'f 
(!I,S) l< (T, I !I) 

l< 
" n n n 

" 

B 
n 

k (T,III) + k (III,II) + k (II) 
n rl n r2 n r3 

+ k (II,S) 
n r 4' 

where k (i,j) nth modal wave number 
n 

averaged between environments i and j. 

The t.erm /1. n is_ a ~imilarly t.ransecr.

averaged value of onr' where en is the 

modal attenuat.ion factor and includes 
water absorption, sediment and basement 
at:.t.enuat.ion, and sea surface scatt.er. 
These depend on the sediment type, sea 
st:at.e, e+.c., and enter t.he t.heory via 
perturbation methods. 

The t.ot.al number of modes in the 
sum is N, which is dependent primarily on 
frequency and wat.er dept.h. The shallowest 
water depth found ~long the transect 
is employed to 1 imi t. N. In t.his way, 
sloping bottoms are modeled. They are 
also modeled implicit.ly through t.he 
solutions u , k , t5 at the various 

n n n 
input. env ironment.s. Range dependence 
in the ssp (or a front) is dimilarly 
modeled implicitly. 

Pinnacles are modeled by using their 
top-depths to apply mode cut-off (i.e., to 
furt.her t-.runcato t.he value of N), For 
pinnacles reaching close to the s~a 
sur face, the lower freq11encies may be 
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completely cut- off. For the island in 
Figure 14a (modeled by three overlapping 
pinnacles of zero fop-depth in Figure 
14b),   all   frequencies  are   cut   off. 

The implement at-ion of adiaba'ic mode 
theory is a quick and effective way of 
incorporating ranqe-depen>len^ shallow 
ocean environments into a drainer-based 
transmission loss :aodel. Most- of t-he real 
work [i.e., solution of Equation (5)] may 
be performed off-line. In the case of the 
MPC Ocean Model, off-line shallow ocean 
calculations consume about ten minutes per 
gaming area. To calculate Equation (6) 
on-line, takes an average of 40 milli- 
seconds   per   transect. 
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ABSTRACT 

Presently no set of algorithms has been developed which assesses all variables inv 'ved in deriving training dev-ce 
requirements While the Instructional Systems Development (ISDi process provides useful information for deriving 
requirements tor those aspects of Ihe trainer ivhich are specific to aircraft configuration, it provides insufficient information 
for deriving best method" of simulation and instructional feature requirements The Systems Engineering Process, or: the 
pfhei hand is a ger^rtc guide and does not consider training variables If these processes are used concurrency, two 
sepaiate data bases one training-related, one engineenno-related will evolve without any seeming correlation By 
ad'vng research design the effect of the training device design upon training effectiveness can be assessed By collecting 
the needed data based upon individual feature characteristics rather than implementing a single process ur bet of 
algorithms to derive an feature requ' -merits the training equipment contractor can develop equipment maximizing training 
ant cost-effectiveness. 

INTRODUCTION 

Military instructional systems, including simulation devices have 
become very important due to the rising costs or training personnel on 
the actual equipment There is a trend for rr )re realistic simulations of 
aircraft, including associated airborne and weapons delivery systems 
This trend has caused a corresponding upward spiral in both the initial 
procurement and subsequent life c\c.\e costs rtssocidied with training 
of military personnel Pohlmann Isley and Caro noted that while 
expense and fidelity of newer training equipment have increased 
efficient design concerning instructional features has decreased 
having a negative impact on the training value of the equipment Thev 
state Because of the cost of high fidelity devices the development of 
simulator (and other framing equipmenti designs that permit more 
eHtcient framing is a necessary goal 

The military customer began to closely analyze training objectives, 
population variables and other factors which drive the effectiveness of 
equipment design The Air Force uses the Instructional Systems 
Development (ISDi process for that purpose Air Force Regulation 
50-8" defines ISD as a systematic but flexible process used tof 

planning developing and managing education and training programs 
More speciiicaliy ISD sets guidelines to aid training managers in 
identifying framing requirements translating the requirements into 
valid learning objectives selecting proper framing strategies 
developing effective training delivery systems and providing quality 
control Unfortunately. ISD is used before the training equipment is 
developed and thus does not analyze the impact of instructional 
feature design on the training program The contractor usually 
acquires the task of investigating the effects o» new designs or 
modifications on the learning situation and user system interactions 
as well as collecting any missing front end data Traditional system 
engineering processes or the sets ol algorithms used for transforming 
an operational need into a description of system performance 
panmeters and a preferred system configuration' were not 
originated »or use in training situations and do not provide means for 
collecting and analyzing that type of data Those tramer requirements 
aflected by faming variables then which were left lor the contractor 
to derive are often based on software hardware compatibility and 
other engineering considerations This results in customer - 
contractor misunderstanding loss of 'ime increased costs and often 
a training product which does not fulfill training requirements 

The training literature contain* numerous e*amp5es ol these 
situations Semple Cotton and Sullivan ^rto'med an extensive 
review and cntique of instructional features for the Ai' Fo*ce m which 
they stated 

An issue ol continuing concern is thai the aircrew instructor s Aircrew 
Training Device IATDI ;ot> seems lo have escaped needi?d delated 
analysis The issue is an Instructional System Development |ISO) 
approach to ATD mstractor training The s me issue is of concern / ?*•■ 
respect to consoie design because consoles a«e pieces of equipment 

meant to support men in the doing of their jobs It is only reasonab.e 
therefore, to start with a thorough knowledge of Ihe tasks and 
performance the instructor s job requires so that consoles can be 
designed to support these requirements It probably is the case that at 
least some ATD manufacturers take the instructor s tasks sequences, 
workluadmg and coordination requirements into account when they 
design ATD instructor consoles What is needed however are 
improved guidelines for relating instructor task requirements to 
console design characteristics so that what results will be more 
predictably workable 

Guidelines are needed tor incorporating both instructor and trar.ees 
task variables into the systems engineering approach The means o 
do this already exist, but as Beda'anffv •' states m General Systems 
Theory Modern science is characterized by its eve'-increasing 
specialization necessitated by the enormous amount of data the 
complexity of techniques and theoretical structuies within every field 

in consequence the physicist the biologist, the psychologist and 
the social scientist are encapsulated m their private universes and 
it is difficult to get word from one cocoon to the omer This paper w*1 

attempt to integrate existing approaches from education (training), 
psychology (experimental and learning theory i and sys'.ems 
engineering into a singular working system designed to derive training 
equipment requirements To be more specific the three systems 
referred to are 

1 The Instructional Systems Development ilSDi process and 
other   front-end   analyses performed hy the customer 

2 The scientific method  including experimental designs and 
hypotheses revolving around learning theory 

3 The standard systems engineering process as defined in 
MILSTD-499A   Appendix A 

The decision to combine these approaches was not artificially or 
arbitrarily imposed Timing egu;prr.ent engineers have used these 
systems in an unstructured form before Clarification of the 
interactions between the systems is needed  however 

As a side note these processes have two common characteristics 
First of an they are systems designed to derive data on which to base 
decisions The nature of the information derived from these systems 
however is quite different The training device contractor must assess 
each specific feature as to ;he type of information needed to produce 
an efficient and effective design for that specific component ol the 
training device The contractor will need a difierent set of information 
tor example to derive perlormance measurement system 
requirements which is more faming related than to derive crew 
station design tor a Weapons Systems Tramer iWSTi which is more 
dependent upc-i the aircraft configuration Montemeno '* assessed 
«at there are no theoretical or empirical bas^s for a smgie set of 
algorithms which can be used to deveioo a" r»rog-ams of instruction 
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Similarly, we found that, because the varying degree to which the 
contractor will employ each of the different processes varies for each 
training equipment feature, it is impossible tc provide a single set of 
algorithms which can be used to derive all trainng equipment 
requirements 

Secondly, a! some point in all three processes the human must 
make some subiective inputs In ISD. there is a relatively objective 
method of collecting data (task analysis) but it is still the task e< »he 
training experts to use that dita to determine objectives, arrange a 
syllabus and choose appropriate media1 u" Likewise, the researche- 
develops hypotheses, determines criteria and the experimental 
design and the engineer determines the method of simulating and 
sets the point at which the cost of that method outweighs the benefit 
Ccmputet-aidea systems have been developed to organize data'1*', 
but the human must still interpret this data The results of training 
equipment requirements derivation process therefore are only as 
good as the human resources involved in the loop 

Examples given in the following sections deal primarily with the Air 
Force as the customer in the procurement of an advanced W3T This 
system approach, however, ca he modified for any customer and can 
apply to the entire family of training devices, including general training 
equipment, maintenance bench trainers, integrated systems 
maintenance tramf»'" part .ask trainers (PTTs). mission trainers 
(MTs). operationa. ,„c.\\ famots (OFTsi and weapon system trainers 

apply the first step of the ISD process by performing an in-depth task 
analysis and target population study The result of 'his effort will be a 
definition of ail knowledges and skills to be framed that is. education 
and training requirements The education and training requirements 
must then be written as objectives. These objectives must state a 
specific performance, 'he conditions under which the pedormance 
takes place and a standard for the performance1''  " Hl 

The results of this front-end analysis are inpi.i to the design criteria 
data base from which the training device contractor designer applies 
the systems engineering process to derive training equipment 
requirements (see Figure 1) The data base also includes all data 
describing actual equipment (usually aircraft, in our case) 
configuration, performance, -stability, on-hoard systems, etc.. as well 
as data describing friendly and hostile environments This kind of data 
usually takes the form of technical repots, tecnicai orders (T O si 
engineering drawings and memoranda of telephone conversations 
and meetings Ideally the results of the ISD process should be 
supplied in raw form including training objectives performance, 
conditions and standards of pedormance. and all available task 
analysis information Realistically, the results are usually refmed 
into tra ning ecuipment reauirements given to the contractor usually 
in the term of a Prime Item Development Specification (PIDS) To 
illustrate where ISD is currently being employed by the Air Force, the 
process flow for training equipment is iHuf rated in Figure 2 

BACKGROUND 

ISD is used at several levels in the Air Force hierarchy to make 
specific decisions Ideally the process begins with an analysis of 
system requirements considering a1! constraints For example in the 
Department of Defense (DOLi an analysis occurs to determine the 
need tor a new long-range combat aircraft At the same time, DOD of 

AF Hq must analyze and define the mission it is u perform At some 
other level, an analysis may occur to examine the subsystems 
support systems, training equipment (including simulators), personnel 
needs and myriad other considerations At some point the user of the 
proposed simulator is brought into the ISO process  This group will 

Instructional Systems Development Process 

PROBLEM 

The contractor can use the data base derived from the ISD pro~ess 
to identify the essential training media elements of the framing 
equ.pment Training media features operationally defined a'e 
representations of the actual equipment configuration pedormance 
characteristics etc which are needed tor transfer of training They 
provide stimuli srmi'.ar to those provided by the actual equipment 
through use of actual equipment components icrew station control 
panels', simulation i motion base) or abstract representa'ion 
(checklists tor emergency procedures given on a Computer-Aided 

Systems Engineering Process 

Figure 1.   Relationship of ISO and System« 
Engineering Processes 
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'•----------+-----------------------------------T~~~:~~.:~~:~:·~,·~·~ .. ·~··~------------------------------------------------~ 
Hum.,n lo'tHI En~•r•t't'fong 

Supl-'(>!1 Equopm't"nl 

RFP Rt"qu~t.l tor PtQI'l()t.AI 

PH'S Prrmt' 111!,..., O~:t\I•Jopme-nt Sptocrf•c"t'on 
sow S!ith•~tll ot Wotlo 

COH Cn!ICitl O.t.lt;n H•v••w 
ITO tr-,httCIIons 10 0t1t'r~rt. 

ClD~ - Cn!ICI!I ltoom Oopvoplopm~nl S~IIW:•t10n 

Figure 2. Application of lnstru ·tfonal Systems Development 
to Total System (per Ooty, 1980) 

Instruction rCA I) system). W~1ilo ISO can be used to answer "what" is 
needed for training, no methods are provided for determining "how" to 
represent what is needed. For example. eye movement (assessed in 
the i ILH11an factors stage of ISO) can be translated into visual 
simulation lout-the-window) requirements for brightness. scene 
contrast and system re,olution. The method for providing visual 
cffecls is usually determined in the systems engineering proc;ess 
wh1ct1 addresses variables such as hardware software compatibility. 
costs. materi:~ls, etc. A method for assessing the effectiveness of the 
design in meeting training requirements is not included. however, in 
the systems engineering process or the ISO process. 

Oo:y1'
11 suggests th:~t the methods for determining design 

P.!fectiveness do exist in the ISO process, that the real problem is that 
ISO is used only as a front-end analysis and not throughout the 
development of a simulation system. Recent studies within the Air 
Force. however, 11<JVe indicated that. in practice. the ISO process as il 
currently exists prov1des lillie systemafic guidance for the selection of 
specific objoctives. Nu•nerous "con~lc..:rations" are suggested, but 
little formal structure is available to maKe trade-oils among all of the 
considerations. The PI OS often states :-.<mulation requirements for the 
train1ng media elements. but it i£ questionable as to whether the 
decision was bas0d upon assessment of design effectiveness or other 
faclors. In cases where "" "be5t method for simulation" has been 
defined, the contractor will need to implement research design to 
complete the data base and perform formalized a11alyses aimed at 
maximizing cost-effectiveness and training effectiveness. 

Regardless of the amount of research employed by the cor1tractor, 
the ISO ;md front-end analyses dnta base is always the starting point 
for developing the design of training media clements. The front-end 
analysis, however, provides practically no information for determining 
design of those elcmf'nts which are more independent of the aircraft 
configuration, or instructic·1al fealurcs. The variables in•Jolved In 
instruction<JI features design me more dependent upon learning· 
theory and perception. Specifically. inslructional features Include 
syslc;11s such as automatic brlof1ng debriefing, automatic 
den1onstration. <Jutomatic monitoring, automatic performance 
measurement. automatic record·replay. freeze, mission file build, etc.; 
on a broader scope instrucPonill features r:an include anything from 
environmunlal control lo instructor stativn configuration. 

RESEARCH DESIGN IN SYSTEMS ENGINEERING 

Figure 3 illustrates a top-level flow chart for implementing research 
design in training equipment de::;ign. As mentioned previously, more 
detailed approaches can only be arrived at by assessing variables 
concerning the individual feature. Some considerations for developing 
the detailed approaches include:_ 

1. The classification of the feature - Is the feature a training 
media element or an instructional element of the tr'liner? If it 
is a training media element, the contractor can obtain a great 
deal of valuable knowledge for design from tho training 
objectives and requirements, as well as any task analyses 
data. If the ISO data is incomplete or unavailable, the 
contractor may need to perform a:1y front-end analysis 
necessary to complete the data base. 

If the feature is an instructional element, several methods 
are available for performing front-end analyses. Pohlmann, 
Isley, and CMo prescribe a method of creating design 
guides for instructional feutures. The method includes 
identifying the feature, defining the feature, its purposes and 
intended use, function description, concurrent events and 
diagrams. It is sugJosted that supporting analysis (review of 
previous studies) be added to this format.71 to account for 
previous research Into the Instructional feature. Tho purpose 
of this step is for the contractor to attain a full understanding 
of the feature's Intended use in meeting training 
requirements and to narrow down design options. If there is 
sufficient information In the data base. if the design 
requirements have been defined explicitly In the PIDS. or If 
an existing system satisfies the training requirements 
without nny problems, then the contractor may end the 
proc&ss with this step. 

2. Review of existing systems - If questions still exist after 
reviewing tho front-end analyses, then tho contractor may 
noed to critique e:' s1:ng systems for any probloms in 
meeting training and user requirements. Depending upon 
the nature of the f .. :~ture, the colltrar.tor may need to perform 
a needs asses~~ent on the training population and:or 
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1r·struct\,r ,;nptJidllllf1, n~;k fl)r L'1;1rifa:.1t1on ~rorn lht." cus!omnr, 
or 1('\11('\'.' ,lf':'11·'ab1r• 011'\Jrll't:: o~ porcf•fl!:on nnd lo:nn1f1Cj. 

Syste~ 
Cos.::._ ) 

No ~e~::~Y 
1 Yes 

r---
lmplemf.'nl 

Design 

Figure 3. Top Level Description of Training Equipment 

Design Method 

3 Hvpoth0sis Opt1ons lists lor design. There will 
Ulldoubledly be some d!Silgreemnnt as to whether this step 
should com(' betore or after a review of available 
technology. By mv1cw,ng technology first. the designer is 
often 111ftuenced by its !imitat1ons. It is suggested. therefore. 
th"l the design0c become as creative as possible in 
d0.ve'op1nq solutions to meet the requirements. and then 
search for 111e technology w!1ich c01~es as close as possible 
to conforming to thP solution. : ,11her than the design 
conforming to lhn tecfmology. 

.: Expcnment<:tl design development Tho contractor has the 
most fiexibi!itv ill this stilgc in setting the criteria for success. 
The cnteri<1 must be re!evnnl to t!1e goal. and the designe'S 
:;houkl ilSk themselves: How ce1n a decision system be 
tested ilS to 1ls goill fulfillment ilnd efficiency? Does the 
system ful!i!l ''s purpose at a r.;sponsible degree? Does it 
s~tisly the m1nifT'n: cnterin set for it? Shall it be accepted. 
rnvl!;r,d or '' jPclerl? Thoro exists mmkod difforoncos 
lJntwccn ,..," tes!rnrJ of CO£Jnitivc l1ypoll1esis and theories and 
the testing of instrumental hypothesis and systems. as 

. '!' 

rllu,;trai~XI 111 F191HO 4 The c!e';"Jner•, mu•.,t bo <rv .. tro ltlill 
they arc sr•ltinu 1110 cnlor1d for ono hy~ltHll tatlor,?d for (H1f' 

snt of \1 <l!t11r1g r• '(]Uirnnwnts <~nd not try1nq to creitt<: ;, set ol 
·truths .. to nwut <1!! !ramer re(.tLJiromt?nts 

r-------------------~-------------------, Cognitive Hypotheses lrtstrumcntal Hypotheses 
(Dominates In Pure Science) (Dominates In Applied 

Science) 

Structure of the general 
form: ''All A are 8" and 
vat'iations 

Non-teleologic 

Efficiency irresponsive 

Rigorous criterilt of 
acceptance based on truth 
assumption 

High degree of generali•y 

Not behav:orally limited 

Oriented towMd cause and 
effect relations 

Struct•t:·e of the general 
form: ''To attain A, do 8" 
and variations 

Goal oriented 

Highly efficiency n><;ponsive 

Relaxed criteria of 
acceptance based on 
assumption of better goal 
attainment 

Limited degree of generality 

Predominantly oriented 
toward decision behavior 

Oriented also toward reason 
and action rt•lat'ons 

L-------------------~-----------------~ 
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Figure 4. Some Characteristics Distinguishing Cognitive 
from Instrumental Hypotheses 

The method of testing must also be relev<tnt for answering 
umosolvcd requirements, For so inng tho training 
commun1tv has felt that tasll- analysis was the tool. It is 
suggested for u<;e in determining function allocation 111 the 
systems engineoril ''.l procc>ss and for determ1ning training 
re[]uiromcnts duri:1g the tSD process. Tl1at method usually 
works only tor the tratning media elements of the trainer 
where the aircraft confiyuration is well defrned. For 
instructional feature design assessment. task analysis may 
bc•:orno too cumbersome or. even worse. 
counterproductive. Folley'"' stated that the vanety of tasks. 
and the complexity of human behavior. would not permit t11e 
reductivn of task anillysis toil simple routine method. It may 
be bettor. for instructional feature design. to assess 
instn • ..:tor acceptance, operation time. training time <1nd 
overilll training effectiveness and efficiency. 

5. Cost-effectiveness After the resulis of the resemct1 t1:· 1e 
been identified. the systems engineering process can t>•} 
used to determine cost-effectiveness. technology 
availability, etc. 

There me several words of warning about using this system of 
which the designer should be aware. This method falls into the realm 
of applied science. Mattessich112 ' differentiates between pure and 
app:ied science· 

·:soth pure and applied sciences fulfill a cognitive as well as an 
instrumental task. but in each branch these two i!'gredionts me mixed 
in different proportions. Roughly speaking. one might say that the 
cognitive element dominates pure science: All ollts stAtements have 
a sufficiently high degree CJ! reliability to be assumed true, but their 
specific usefulness may not be established. Wh0re<1s the instrumental 
element dominates applied science: All of its statements am 
assumed to be useful but their degree of relinbility is not necessarily 
high enough to regnrd them ns hue In the conventional sense Thus. 
the applied sciences use the sarne methods as the puro ones 
(observation and measu~ement. Induction cmd deduction. 
lntorfJrOiati'Jn nnd testing. etc.) but with a fnlrly specific purpose In 
mind. and under conS1dernt1on of an oconomic or cost-benefit 
criterion, The dl&tinction botwPen pure nnd applied sclonce is not 
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;<Hll~\ 1 'f p~ t! t)t~\W(ll'r' k,!';I."'V,'ifl(j ,!'ld cJO,'lq.' bUt r8fht)r ~~l{lf bC!Wt!('n 

t.'~):•~_n,,rq~1 for n1 (:a ~;;)!..,p •)! ~r10W1r~0 .tnd l:f'liCVing fur th(l Silkt: of 
L! I llf ~ ~-) 

T ·1c" + -~pnon11~ Pi{ ·n~+'n!. :1s~,t 1 ~;~:ed throuqh the s~·_;ft'm!-. (~ngmoorir1 
prn'-''',;; ·.\ilil. ell CC\IJr~;p, Jnf:u,~ncu ~t1e •>P!t.'Cllnn ot. tho f~rwt fc·aturo 

(~~,~~~l'l li IS 1rnpor1ant ~)OWtHiGr. thtJ: dt.'SI~JnS whtch proved to be 
ef4t1Clrvc but not uspd :Fe document rd. i-ts tecrnc ogics may fe1t0r 
cl\''.'P\;p w~11ch v;t!! m:1h.e those dt"}s;cns foas1ble. 

Ce:L1:n ·pure" sc:e!tccs are t;1kP.n into consideratiOn in th1s 
· Jpt1:+ecf" scif'nce J~pro:1ch. Tlw conliJC!0r may need to take 

res~·()ns~t·t:+ty lo~ co\!e·ctmq the pure resc~trc:h data. too. ratt1c~ Hv"tn 

r"ly1nq upon ·hnown" tt1eory. part:cularty when dealing with 
ins!•uct:on:1! features. 1\s McKea::h1e1 '·" states. "The past two years 
h:we ~Jeon bad ones tor those of us who have attempted to appfv 
tradii:C'Il'l' orinr:<plr·s of l"arning to 1nstruct1on. Thorndike's principles 
of lcarn<f'CJ seem to b•:: crumbling." The Instructional feature designer 
m.1y no longer be able to 0ssume. for example. that immediate 
!f,•edll:>C~ (automa11c cuping) w111 rPsult in more effective learning in all 
t•aWi1r1g sttuattons 

L<':.:w1se. lhP contrC~c!or may need to take responsibl1ty for 
per~o·miJ,g the front-er.d ilnalys1s. ralher lhan expecting to receive the 
lrtformai<O:l from lhe customer. Pohlmann, et at state that: 

"II is lnCOI~CCIVCJble thCJ! one would expect a des1gner to desig1, a fl1ght 
tra1111n'] Slmulalor .vith0ut g1vmg h11n (or her) a great deal of 
informat:on about the 1ntended mstruct1onal activities. Yet. 1t :~ 
<mpar,nt from mso<>ct1on of numerous ex1st1ng simulators. from 
rev1ew ot sm1Uiator des1gn procedures. and from review of the relev,mt 
!1terature that des1gners typ1cally are g1ven very little informat1on about 
I he 1nstruct1onal activities intended to be used with the device they me 
to design and !he funct:onal purposes of ttwse activities." 

Muct1 of th1s probil"11 can be Jcr.ountcd for due to the traditional role 
allociltlon· The customer is responsible for all of the front-end 
• 1ni11ysis. the contractor for the >ystems engineering. This situation is 
an ideilllsm. not a reality In ordr>r for the proposed model to work, 
const<Jnt feedback must occur between the customer and contractor, 
and bo,h must take responsibility for data collection. tf systems were 
r.erfect and all 'nputs were known and controllable. all processes 
known and intended. and no selecticn and distortion took olace. then 
all outpl·ts would be known a11d antiCipated, and the system could be 
allowed 10 run with no mechanism to rt10n:tor its behavior (feedback). 
However, no system is perfect. ''' This is why it is imperative that the 
contractor employ personnel who <1re knowledgeable <!bout current 
trenrls in oduc<~lion and trnintng, <~nd tt1e government assign 
hardware software-oriented personnel to work with the contractor. 
Fcedbilck cannot exist if both ,Jarties speak different .ungunges. 

CONTINUING DESIGN VALIDATION EFFORTS 

The top-leve! flow ct1<1rt (Figure 3) represents a model for use during 
the requirements definition stage for individual features. The 
contr<Jctor should a!s') assess the overall effectiveness of tho training 
equipment once the opt1mum design f')r the components has been 
derived. Ad2ms'" ic mt1fieri three ill.:'•·:·~tions for flight simulators: 
rosearcl1. ovaluation of performnnce. Grtd training. "Research" implies 
!he morr~ "pure" science which waJ mentioned above, including 
transferability. perception, effects of cueing, etc. Evaluation ol 
performance and training lor tho contractor must also be assessed 
lhrough "applied" resei1rch. This m<1y appear as an exercise in futility 
since 1t1o product hilS already boen designed and is ready for use. 
However, the purpose is to collect more information to add to the 
training equipment dElta base for reference for future trainers. 

Those conditions appear to place an extreme amount of 
responsibiPty on tho contmctor. However, the government must also 
play its part in providing more specific direction to the contractor 
regarding the procJur.t which is to be developed and in giving the 
contrnctor mJcquate timo f0r developing !htJ training oqulpment. 1 ~ 1 If 
this system is implenwnlod to its lullost extent, then equipment 
requirements derivation wtll be less time-consuming in the long run as 
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more inforrn;J!Jon 1~, tJl'Plg cudec:erJ "' tr1e data base PorhaFs. lht,n. 
tho clay will como when tho contractor need only s1t .1! tho CRT. input 
tho tra,ning reqUtrrments. and automidiCally recJ!!Ve tho rno~t cost· 
and train1ng-effective equipment reqUirements and des1qn. 
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C•rrrt·nt iJhtructional ~ys:prns dcv .. loprne·1~ (lSD) techniques are not well equippl'd to 
identtty and c'ffl'··t!vt'ly rruvidc for te<lln tr;wling requirements. While much research aimed 
c~t <'Xt•·nding the l.'>D rnodcl to tc.un tr.lining development is in progress, u ~ystern<.~tic 
ctpp!·o.Jch u rllt'l't JW<tr-terrn tearn tr::~ining development needs is necessary. This paper 
providc>o; <HI <'\·crvit•w ,,[ on apJXO<~Ch we have forrnulated and us0d successfully to thi~ end. 
Tiw <~pprc) t•:h is b.t<,cd on a functional anal)~i~ of tlw sy~tl'rn gouts/objectives which the 
tt•.trn perltl<.nancc• in question supports. The results drc then represented systematically in;, 
;>rc>u•" rrh'<h·l dv;ignc•d to capture t:;e dyndlllJC rel.:~tionships bt>tween systt•m conditions, .:~nd 
Ltlt'goric:i tt'<llll r·crformances. Til<' rnodL'! i~ used to develop scenario-based exercise 
~uides, ->i11riL1r t0 instructor guidc>s for classroom use, but designed to provide !nstructor 
;~uid,mcc rq~ilrding training de\·ice employnlC'nt in the administration of <'fi<'ctive team 
tr ~1ir:ing. _ 

\\etltods for the svsternatic ,~eterrnination c'f indi
viciu;tl skilh ar<: currc;1t!v .:~vnil·able. Training obiec
tivcs (i.e., objective : t· 1r.tv!or,11 s~.:~terncnts, conditions 
of perf•Jrrnance, .:~nd performance st.:~ndards/critcria) 
derivl'd using tl1c>se rr,,•,hcYb tt'nd to be well defined. 
Subst•qu·. ~ll tr.tirling ~Yo tern development and irnplernen
l<ttior1 on tht\ 11asc is rl'lativc!y straightforward. Col
lectivt'lv, tiH.'St' '11l'thods constitute the instruction.:~! 
systerrt'; cfcvelopr;lent (lSD) r'loclel in ;!II its manifesta
tions (·.'.g., N.I\V[OTR;\ 106t\/TRADOC 350, ,\\JL-T-
2:1053B\TD), :\1!L-STD-1379B, Nr\VEDTRA 110, 
Nf,VSEr\ OD 455!9). t\pplic.Jtion of t!1e lSD model to 
tc•Hn skill ddermir1.1tion, however, has not been eqtwlly 
L'flective. The litet·dturc .:~tk~ts to this observation 
rcpe<lted!y ( 1)(2)( 3

)("). The pr111cipal difficulty, en
countered l.Jrly in the !SO process. lies in identifying 
tcarn skills (or training remriretnents, or tr,tining objec
tives) with the s.:~mc precision and objectivity .:~s is 
possible with Jndividu;d skills. As a result, the system<::
tic me<~surement of team performance is elusive. 
Without systern.:~tic p•~rforrnc.:Kt' measurement, the pro
vision of adequate feedback to the team is hampereri. 
This in<Jbility to ::lose the so-calleJ training cycle by 
means of <~dequ.:~te performance feedback leads to inef
[,cil•nt ;md in rn<Jny c.:~ses ineffC'ctivC' tearn training. 

So saying, ho\l!ever, it is noted that the !SD model 
is one of the more useful developm-C'nts of instructional 
technology. The intent underlying the model is to 
ensure the development of an effective tr.:~ining system. 
Th.:~t is, one which provides tr.:~inees through its opera
tion, the knowledges and skills necessary to meet the 
i<'itiating training requirement. This is accomplished by 
the system.:~tic application of defined planning, analysis, 
development, :mplement.:~tion, and evaluation proce
dures. The lSD rnoJC'I, however, is only a guide. Its 
virtue lies in the fact that it forces the systematic 
cc:1sideration and orderly dev<'lopment 0f each training 
systern component. The principal drawback lies not 
within the rno<lel, but in the literal interpretation or 
uninformed application ot the procedures described. 
This is particularly true with resp0ct to team training 
development. 
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To counter this drawback, m.:~ny efforts to 
forrn.!lly extend the ISO model to team training have 
been rt>ported (e.g., 4). For tt1P most part, these have 
concentrated on the fun~m,.nta! problems of te'lm 
performance definition and measurement. Pror,ress in 
these are.:~s is app.:~rent. For example, recent reconcep
tu.:~liz.:~tions of tcc~rn tcerforrn.:~nce (")( 5 ) explicitly re
cognize the dependencies Jrnong individual Jnd teJrn 
performance, team tasks and the situation in which that 
performance occurs. However, while these efforts ate 
prcmis.,tg, rese.:~rchcrs in the .:~rea ncknowledge that. 
further conceptual work i~ required before specific 
team skills and their interrelationships can be isolated 
with the pr<'cision necessary for the derivation of 
explicit training requirements. Progress in the area of 
tt'am performance measurement has also been reported. 
For ex3mple, Connelly and his associates have 
developed an .:1pproach which permits the evaluation of 
both te.:~rn and/or individual team member performance 
in .:111 on1•,oing mission context ( 6). This includes specific 
tasks and task types. Ag.:~in while the methodology 
appears promising, they point out th.:~t additional work 
in the are.:~ of generic task specification is required. 
Therefore, the systematic development of team train
ing in the classic sense continues to be an elusive goal. 

In the meantime, the quantity of resources which 
have been and are beir.g cornmi tted to team training 
systr>m and device development is large. The need for 
an ISD-based approach was never clearer. Our <!!forts 
in the area of submarine team operational training have 
made this point particularly clear to us. The lack of an 
ISD-based approach has led us to th<' formulation of an 
!SO-like process for team training material develop
ment, an overview of which is presented in this paper. 
The appro.:~ch we took was pragmatic. Our intent was 
that it be based on lSD principles, that it accommodate 
findings of re~earch yet to be completed, and at the 
same time that it provide a useful tool for the 
development of team training materials to meet the 
near-term requirement. It is bas<'d on the following 
four considerations. 
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F1r.,t, lSD .tn,dytic<~l processes gr<•w o•.Jt of a 
b•'h.!VIt'r-'1 psvchc'h.1gic;l! ti·.Jditic>n, f0cused on indivldu2l 
pc:-ft'nll~ln(:e, dnd (lri~~inallv ~tddrcssed operator and 
111,tlntt-n.~nct· .Ktivttws in wt•ll-defi:wd· (establishf'd) 
'Ltuations. Whilr· the distinction may not b<• exclusive, 
tt•.un perform:tnct> in rndi tMy systerns is more 
oli_:Ctlritt•~Jy describt>::J ,\S O[WrationaJ in nature, fOCUSi:1g 
'"1 the ftmctic,'lal 0bjective the system fthe equipment 
""d the team personnel) W<~S designed to meet. As 
:;udt, re.~rn performance involves problem solving, 
n.'sCHJrce i!I!OcJ.tion, i!nd decision making processes on a 
difkrl'nt scale ;mel tn le~5 structured, dynamic 
situ.Hit,ns thJn :or isol<tted individual o.~.:tivity. The 
.1 tc1rni;~a t 10n of per forrnance when ernpleying classical 
.Jn<liysis lnl'thods tends to obscure the reliltionship of 
<'.lCh Ccllli[Wnent t;tsk or element to the overall system 
objective. This observ.1tion suggC>sts ;:~n approach base<' 
~'rl ;1 funct;anal an.:tlysis of tht• system and systern 
oiJjC'ctive of which tlw te-1rn to be trained is a part. 

Second, the requisitC' individual skills collectively 
required to support succt>~sful team performance, .. (in 
ll'rJJlS of the system functional objcctivC') may bt>, t\nd 
115ually arc, (hstributed differC'ntly among individual 
tean1 members in differert teams. f'urther, this 
:1istribution changes w!th experience. Prom the 
tr,tining development point of view, this makes it 
extremely difticult to specify generk: team training 
requirC>ments which arc valtd for ali teams. That is, 
wh.1t i' .1 correct procedural tr;.~ining requirement for 
one \t',\111 may not be for a second te<Hn, though the 
~ecc:ncl team rnav evidence the same summative 
performance de fi~iencies. The !SD model is not 
currently conslittJted to provid,. for thi~ type of 
variilbility. Consequently, we forrnulatC'd our approach 
to provide a training requirements structure within 
w 11ich team-to-teilm performance differences could be 
.tddres'>ed :Iexibly. In so doing, however, greater 
crnph.tsis is placed on the instructor's role. This 
consideration -;,•;1s also addressed in the formulation of 
our appro;1ch. 

1 iltrd, thC' decision-making tasks at various levels 
.,,.I thin a tC'arn structure arc action oriented, finite in 
''IJ!llber, ancl emphasize rC>source management. The key 
v;triables arc associdtC'd with the information available 
(static dnd situational) on which to b;:,sc a dC>cision: 
. 1rnount, quality, rate, timeliness, and the set of 
d!ternative deci;ions thev define. These are task 
conditions, not task,- 1·cr s~. This suggests that an ISD
like ciC'VC'!opmen: of team task listings should be 
rel;ttively circurnscribC'd with greater emphi15is pli!ccd 
on tire deline::ttini; conditions (operational situations) 
affecting the information flow and individual 
responsibilities/authority (formal and informal) within 
the teJ.m structure. (This is indirectly consistent with 
the observation that the stimulus-response behavior'!! 
basis of classical lSD analysis may not be suited to 
team perforrn;:~nce analysis. lns~ead, a cog~.itive basis 
rn;:~y be more appropriute. This mirro, s the growing 
recognition of the ~hift in the: field of learning 
psycholo~v away from behavivrism toward a cognitive 
basis ( 7 )Lo).) 

fourth, th<' administration of team training 
becauo;e of tf~e dynamic, opera tiona! aspects of team 
perforrr:.nce, generally depends on an operationally 
rf'::::istic training environment. This is typically 
provided by conducting training exercises using a 
simulator or training device. These have become 
complex and costly, driven by the belief that team 
training transfer to the operational context is 
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particularly sensitive to the fidelity of tJ,e training 
situation to ttle operational context. Certainly. the lSD 
process should play a si~nificant role in balancing 
optimum trainer capability against cost. The proce~s 
•hould not only define trainer lunctional requirements, 
but a!s<l provide a basis for prioriti:..in~ thern, first in 
terrns of the initiating tral11ing requiren.ent, and second 
in terms of trainer/training effectiveness. This 
interaction is a rather sophisticated aspect of the lSD 
media selection proc(:SS which is not fully documented. 
However, the instructor who must use the training 
device is, from our perspective, mere important. As 
noted above, the instructor's role in team training is of 
considerably more significance than for individual 
training. The team trainees will be dynamically 
exercismg previously learned knowledge and skill~ in 
suppor~ of the system functional objective. Student 
training materio:::s are not a part of ~his process. 
lnstend, the instructor monitors, evaluates, and 
critiques the team's p'!rformance and in general 
mediates the training process. This includes 
employment of the trair:ing device to best effect. For 
this, he requires guiciance _ _of a different nature than 
that found in instructor guides supporting classroom 
instruction. Further, it is not sufficient to train 
instructors to operate the training device only. In the 
same sensC' that, for example, a sonar operator must be 
trained ir, the operational employment of his equipment 
(i.e., in addition to Operator & Maintenance training) to 
reali7e its functional capability ir: the tactical context, 
so must the instructor be trained •n the employment of 
his tr;1ining device to deliver effective opcrutional 
training. Therefore, the material provided for his 
support should guide his employment of the training 
device for effective team training during each training 
session or exercise. This aspect of team training 
system development is crucial. Further it can become 
quite involved, in effect requrrmg a mini-ISD 
dcvelorment depending on the complexity of the 
team/system function, training device, and the number 
of in;tructors involved in its operation during a training 
session. Uninformed application of the lSD process 
often fails to adequately treat thts aspect of 
operational training system development. Conse
quently, we formulakd our approach to focus on 
supporting the instructor in his administration of 
effective team training • 

PROCESS DESCRIPTION 

Our approach to team training development 
recognized these factors. In particul.tr, it explicitly 
recognizes the role of the Instructor as the catalyst' (r·r 
effective team training and focuses on prov:di;:p,; 'him 
with the necessary support. Accordingly, the rrincipal 
product is an exercise guide, similar to an instructor 
guide, but differing in context and format. The 
approach involves seven steps: 

o Data base establishment 
o Exercise goal/objective development 
o Process model development and operation 
o Exercise selection 
o Exercise development 
o Quality control 
o Validation 

Activities involved in each step are described below in 
term~ of a specific application to submarine piloting 
team training. 

\ 



!rdon!l;tttcln '"' .,,·hich the tt'.t<n tr.tining ck•ve!•1pment 
l'r,ll:ess ci<'i"'!tclerl w.ts i·~ilthr·red dncl consolidated in a 
d.~t .. bds<·. This inforrndtron was org,mJzc·cl rr, terms of 
l'.erwr;ll ~tnd p!a t for rn-s 11t'<'i fie pi lot mg prcJt:edtJres and 
f~:Jidt•line,, J~l;ltforrn-spt'Crfic n;;vig:ttic.n <·quiplltertt .t'• it 
pvrt,1ins to piloting, t!w J~soci:1ted trJirwr Glp~lb!lities 
.tnd or('ratron, training matPri;:d rt•quircrnents :tnd spec
rfi,·.~tio,s, <~nd pl:.tforrn-,pecific piloting pipl'ltlll' tr.>in
:ng. t\ruly~is <Jf tlwse d;,ta establis!wo ir>.tial st<:rting 
poi, 1 ts lor rna tt•r ic1l de ve lc pml'nt in three cr i r ical areas: 
(I) •:xerci;t• goal~ .. mJ objt•ctive~, (2) n1c~terial forrr<.lt 
.,:tc! nrg:li1Ji.dt:on, an<.~ (1) in·;truc!ion;tl guid,li!Ce. Subse
q,;t•nt dt•vt•l,1rllrlent drc•w c1n ihio; •Ltt;l b;ist• 1\ required. 

!:v·rci•.e ,;c,,d/l)bjt•ctivl' <kveloprnL'nt bt•gan with c1 top 
cf,,.,, r:, functic11MI ;~n;lly>rs ,,f the piloting tearn/systern 
c'bJective. Th:lt rs, n;,vr~~tic'n has been defined as the 
pr,'f'<''>S ,,f ,afc'ly (st-:nd:~rd) dire<'ti••g (artivity) a shir 
:r-\1lli orw pn111t to <Ill )titer (platform oper-~ltion). The 
,tctivrty of dirr•cting involves thr·ce CCttegories of 
•:<'t't'r'li ll'.Hn activrtir·s: planning ow:~-ship trJck, re
l"'titivclv fixing <"lWII-sh:p position, and evaluating fixed 
pn...;i til)n ag ... lln".t inter.ded tr.:.H k ao.; ~l bLtsis for recc,in
'l:cndmg own-~hip maneuvers. While th::- general stan
tidrd, te~un <••:tivity, and pl.nform cpc•ration remain the 
'<dtliC', the rTklll".er in which ec~ch ger. •raJ activity is 
pedocr11cd \'Mit's -ts .1 fur,,·tion of dl'tJils regardi11g the 
pl:1tfurrn op\'r .. rtion crr1d conditiuns under· which it is hl 
b·· perlc,rrncc. F·.'" exarnple, specifv'·lf; that the plat
'urrn opcr;;tion is tc, be Gtrricd ,,ut in restricted water·s 
(,-,,ndition) identifies thoS<' specific activities which 
rn•.:st be- p<•rforrned in e:1ch category associated with 
;:t:l_)ti~1l~. {\S \Vf'll d'1 the detailed ste1ndards to which each 
,;.~tlv:ty rJlu~r be pl'rfl'rrncd in L)rcier to safr!y cornpl{~tC" 
:'1c· pLttforrr: opcr,tt"'n. 1\s the firot step in the 
<'Xcrcis!' go.ll/vbjecc've devL'l0pn:c-rtt process, this type 
l'f gcner3l- tO··'i['Cci fie ~m;t!ys.s was performed on the 
d.ttd b~tsc, beginning i.it th<? pi!oting (rather than the 
1lh"~r 1_~ ,l~t·nr-r;1! n~lvigati.;Jn) level. Piloting tcarn activi
':c:;f,t;lllc!~lrds in eac!1 of thC' three c;cncral categori(·~, 
ill.ttf,,rn< op•~r..-ttiorJ', ;1nd conditions were identified and 
uq;:m!:::ed. The process resulted in the following organ
iz~Ition of inforrn.Jtion. 

,,, l:_latforrn Opt'' 1tior~. The princip:1l platf<',·m opcr
z.t:on to be ~KC0rnplisherl in a piloting situation is 
rrcH1Siting frorn point .'\ to point fl. At point I'> the 
opc•r,., t t<J!l is cornpleted .1t •1 speci fie geographic 
!oca:ron :>uch as an 'H1Choragc or a destir,ation. 

h. Cener~d Te~nn 1\ctivity. The performance of a 
gc~1er :1: tea rn activity .s required in accomplishing 
" pLttform ope·ation. r\s for navigation in 
generc~l, there ar<' three of these executed repeti
tively during piloting operations: planning own
ship track, fixing own-ship position, and deriving 
rccornmenclations for own-ship maneuvers from an 
cv;duation of fixcrl position against imended 
tr~cl<. 

c. Condition. t\ condition is a factor affecting the 
manner in which the general team activities re
quired to successfully accomplish a platform 
operation arc carried out. Conditions were organ--·
izec! into three Glt•~gories: 

Conditions affecting the accuracy with which 
own-ship's position is fixed such as bearing 
error, radar degr<tdation, etc. 
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d. 

e. 

f. 

g. 

.,-:.., .-

ii. Conditions r"d!JSIII~ own-~lnp t.., •k'VJatt· 
frorn intendl'd tr.tt:l< 111 Ow '"'Jr·,t.• of ,.,., 
opcrdtJOn, ~ur.·h d~ ~ct dlld drift, ront.H· t 
erlcounter';, propulsiOn rnalf•m;:tion, etc. 

iii. Conditions rt·quiring ar:ceJ<orat'-'d lwrforrn
ilncc rates ar.d/or gn•atcr prcd•,ion ~IJ<.it a~ 
warnings of approach 1ng danger, pro~u:11 t y 
to sho<d w.:tero;, sul:'>rnergc'd OfH.·rLJtion•;, etc. 

Ex<>rcisc• Coal. An cxl'rcise go<~l descriht•d II•<· 
Rener:1l training content. It i'> a de,criptiv~· 
statcrnent which specific~ the learn tt) be tr<urwd, 
the platform oper:1tion which training 'upports, 
and the ,·,mditions under whicn the operation i~ to 
be conducted. 
SpeCific Team Aetivitv. }\_2J)<:clflc learn aCtiVIty 
is one tint is rcquirt•d in .lCComplis 1-,inJ~ the exer
cise goal ur~der the ~p<'cified conditions. It falls 
within one of the thrPc general !Pam activity 
categories. 
Exc·rcise Objcctiv<'. Satisfactory pcrforrnann::~ o' 
the required specific team activities in 3.n C'Xer
cise are th<' l'xercise objective~. Satlsf.Jctory 
performance is determined by 1ppropri~k stan
dards. 
Standard. t\ statement of the v;~·. is ion, 'Irneli
n;:;ss, anrl/or scq•Jence with whtch a speCii/ team 
activity mt•st be performed under tl:'>.• specified 
conditions in order for the platform to ~·lfely and 
successfully cornp!C'te the Op~'r,lt ion. 

Process :\1odel Developmen! and Opcratior~ 

The next critical step in the process invo:ved develop
ment of a general model of the piloting process. The 
model, constructed during the analysis of ooerati0nal 
information in the data base, describes the' C'SSCiltial 
in terre Ia tionships among ( 1 l platform piloting opera-· 
tions, (2) piloting tC'a;n activities in each category, and 
(3) conditions. If a platform piloting operation (transit 
fr;,~n point A to anchorage at point 8) and a set of 
c,mditions (1,)\V visibility) are select~d and provided to 
the rnotiel as inputs, the model will select the appro
priate team activities which are required. :;atisfactory 
performance of the selected activities thus becomes 
rhc behavioral objective of training. The standard for 
satisfactory performance is derived from succesdul 
accomplishment of the operation. In terms of an 
excr<::ise, th.:! selected platform operation and condi
tions determine the exercise gonl and the exercise 
SCl'n;~rio. The model, opNating on the~e same data, 
will identify the associated team activities required in 
order for the platform to attain the exercise goal. 
These activities, together with standards for their 
satisfactory performance, become the exercise objec
tives. The process thus resulted in the follcwing 
organization of information. 

Exercise Selection 

Unlike the lSD model which addresses the selection of 
tqsks for training at this poi· •t, our approach next 
focused on the sC'iection of exercise goals, as defined 
.:~b<wc, for exercise guide d~'vclopment. This approach 
was taken because the tc.:un mivities identified arc 
recurrent and are common to mr.st piloting situations. 
Therefore, the intent was to ensure that the rcsultmg 
exercise set (22 as it turned out) •c.s sufficien~ly broad 
to ensure the trainee team the opportunity to exercise 
specific team activities under all important piloting 
circumstances identified by the piloting process model. 
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Th<· fifth step in th<' pruct's~ wa•, tc> clloo't' an ex<~rcise 
gc•c~J from tho~e ~elected in StPp 11. J\n operationiJI 
'iCt'11Mt0 Wils then constructed bi.l~;ed on tilt~ go,Jl :1nd ttw 
. ~~~uci.lted conditions such th..Jt during t:1e course ol the 
<'X<:>rctse those teilrn anivittes rebtC'd to til<' objectives 
WL•uld norrrl,tlly be expectNf to occur. Tht' set•nario wa~ 
tht'n rnodifil'd with re~pect to •raining ti••vicC' cap.~btli
tte~/JirPitc~tiorl', dfl<J ,mnotc~ted With required deV!Cf.' 
control mform:l!ic>n. Tr.1ining and performance' evalu;,
tlC>n information w~1s then added wtth respect to 
s•:<:>nMio Pvents. Thi~ informettion consistt•d of the 
>r·quired tParn pro<:Pdures/perforrnanct·s, intPraction'>, 
.trtd n;Jtput•, rel.lt(·d to the ~<'l<·ctpd exercise objpr:tives. 
Tlw drc~ft ext•rctse gtttde w;ts then enterL•d into word 
pr·c•<:c"•Stng, reviewed for cornpliilnce with approved for
m.~t specifirc~tion~, und retvped 111 preparation for 
it'\' lt..''J.'. 

l'i:c• stxth step providt:"c' for qualtty control of tht' 
<'\c•r-ci'e t.;•llde rrhttcrrals. The dr,dt t'Xt•rcisP guide was 
irldepcndc-nt[y if?VIC'Wed for orer~ltiona} iJ.'-.~Curacy With 
r·<'srwct to gener<tl subrnilrine pilottng procedurt>, plat
~c•rrn •.>per.Jting mforrrration and operational training 
trtlorrn,ttion contauwd ir1 the cL.!U b'1se. This review 
'.\',IS [)erfonned by oper.Jtic>n,tiJy qualified pC'rsonneJ 
wh"'l" nnlv c:cnnectton with the entire development was 
:rt thc~ cor~t\"xt ,,f thi' r<'vtc•w. The dr.tft l'XNciSL' WJS 
then rc·vicwl'd for cornp.ttibility wtth the training cre
vice infGrrndtion. ,\\odific<:ltion~; resulting from these 
n--vicw", w~·r•~ tncorpor;)tcd, thf" e:x'.'•rcisC" ~uid(" draft 
n· t YJ•t·d "' requir._.rt, revic·wed <~get in ! c>r ~pe<'i fic.tl~e>r, 
,_.,,r;1 1)ltcer•ce. and prep.1red in fin.tl forrndt for validatie>n. 

Tire ftfl,tl 'itcp m the d•·vdoprrwnt procL'SS involved 
<·xcrcise guide V..llid;ttion, as distinguished frorn verifi-

ttlon. The p<Jrpo~e w:t:· tt) ensure that events 
<"nfltrnllcd !Jv th•.' excrcis<' sccn<trie>, disphy dilt.t, event 
·,eqll<.'n< ing. ·,tnd dat.1 provickd for tr,lining ~nd assess
~nent in the cx~rcise guide corrcspond<'d to the ~ctu:d 
c~<\ ta genN a ted un the tr 2ming dcv ice during exercise 
c·x .. ·cutton. f'roccdmal!l·. tills wc1~; accornplrshed by 
,etting up the trc~ming rJpvic<' as required by the exer
r·ise guide ctnd stepping through the exercise scenarto m 
C'vcnt -;equew:t'. ,\t c·<tch step thE' training device WilS 
~lilowed to r:Hl in 1t·-. :~onn~1l training :no\ie long enout!h 
tc> check ttw c~ccuracy of the information presented i:1 
thl' exercise guide draft. The final artivity involved 
incorporating etll r<>quired changes determined in the 
valid.ltion process and preparing the exercise guide in 
final forrnett for verification (pilot course training). ln 
<~dclition to actu<ll exercise validJti,,n, this period was 
··xplc>itC"d for the pur::;ose of de!initizinr, instructor 
information rc,quircments in the course of an exercts(' 
c~nd definitizing the forrno::t in which the materials in 
general, ilnrl the exercise guides in ~articular, provided 
thdt inform:Jtion for instructor usc. fhe matl:rtals were 
then piloted in an actucd course, minor modification~' 
rnc.orporated, and subsequently delivered for 0Javy use. 

DlSCUSSlON 

The: process described herein is presented as an 
approaclr not a rnodel. lt represents an extension of lSD 
prir-ciples. Fur-ther docurrwntation of guidance 
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rcgardin~-: tdtloritt!( 0! the itpproadt to parttr·•tlar <~ppft
C'Itions (e.g., other t<•<.rns) 1~ required. For •·x;;tnpll', 
the procedure for developing process rnodeh, a key 
feature of this approach, requirt's fiJI! explanation. 
What i~ presentr~d here represents only an overview • 
f'urther, our .1pproach does not intend to answ,~r out
standing quest10ns regarding the theoretical a~pects of 
tearn performance as related to training. It d(){'s, 
howcvN, provide •t workablc fr<~rn('Work within which 
the~e answers can be incorporated into tt•<Hn trainir.g 
d('vplopm('nt .1~ they become available. In the interi:n 
it ;-Jrovid<'S G basis tor developing effectiv(' support for 
the team training instructor. The ilpproach t·a~ proven 
u~eful in eight difterent applications to d.tte involving 
the development of instructor rn<Jt.:'ri;.ds ~upporting both 
shorebased and ~hipboard team operational tr;w1ing. 
The products -- exercise guides -- have been well 
received as indic;:t ted by feedback frorn the end user. 

l. 

2. 

3. 

4. 

'· 
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7. 
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ABSTRACT 

CollL•crlve frc,nt-.~nd ,,nalysis is the process hy which the critical miAsionA and 
collectiv~ tasks of a battalion are specified. Collective tasks ore units of work re
qu! ring t1"0 or mort> J'L'orle for their completion, A mission-based approach is employed 
in en:.\. The CFE,\ process bcgln!i with speci: icntion of a battalion mission, proceed,; 
t•• spt•clflcation of batt:ll!on elem<'nt missions, nnd ends with delineation and descriptio" 
nf ,·ollt•ct!w• Clsks. Th,• mission-based approach to CFEA is advantngeous because it helps 
L'n;;urc :1 thorough listing of a unit's coller.tive tasks nnd provides a menns of relnting 
t.1sk criticality directly to a unit mission. In order to reduce the workload on the ~ser 
and heir organi•c the massiv" amounts of data invc.lved, u.ser joh aids were prepar~ 

~ost ~cenarios for full scale confrontation 
het\,'CL'n the Unit'"' States and any of its major 
advL•rsari,,s describe a "come as you nrc war" in 
•,•hieh the U.S. will have to fi);ht immediately 
wl tllllut the .I uxury of a lengthy mobilization 
Pf'rind ;~s '-"'njoycd in previous w;tr~. This rapid 
t·l·Rp .. _,n~;t:• 1.'r1vfronmcnt ln \..'11ich U.S. forcC!H must 
L'Xist requires that fighting units establish and 
r~:1intai.n high readiness lCVl"'!ls. An important 
f:~ctor infl,cncing :1 unit's re,1diness is the 
trainin~ it receives. Development of effective 
unLt. training i.s predi.cD.ted upon t~lC ability to 
identify pcrform:~nces that are critical to ac
complish:n,•nt of the unit's mission. Among the 
perfl)t·rrt:H1Ct."'S that support accumpl tshment u[ a 

unit's mission are m.:1ny tasks that require teams 
or collectives of personnel for their performan~e. 
Traditionallv, front-end analysis efforts have 
(ailed to address collective tasks or have 
addressed them i.nadequately. o\s a result, train
ing o[ collective or team perfornance in units 
!1 .1s s u f !"" c red. 

RccuRnlzing tbl' importance of teom perform
:~nce to unit readiness, the Army h:1s recently 
~een concerned with developin>~ n means of identi
fying coll~I)ive tasks. As defined by TRADOC 
PA~! Jlll-8, collective front-end analysis 
(CFEII) is the process by which the crir.ical mis
siorls nnd collective t3sks of n battalion are 
sreclf.lC'd. Thl.s poper nr<Jvldes a brief descrir
tion of .1n nppr"Jach to Cl-'EA, discusses issues 
pert:ninlng to application of CFEA, and desc·ribes·' 
job aids used in th~ CFEA process. 

APPROACH TO CFEA 

A battalion is a large organization and one 
would expect its personnel to perform o large 
number of collective tasks. A method for delin
C'attng collective tosks ls needed thnt car offer 
some assurance that a thorough listing of collec
tive tasks will be provided. Once the collective 
tnsks .l n n uni. t haV(! been sped fled, those rer
form:l:'lces must be evnlunted to determine which 
ones warrant the expenditure of training re
sources, An irnportcnt factor det•~rrnining the 
necocl for trnlning n task is the extent to which 
dcoflciencieH in task performance influence out
come of a unit mission. Thus, the method employed 
to derive a unit'R collective tnsks should allow 
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for determination of the relationship between a 
given tnsk a~d a unit's mission. 

An approach to CFEA has been adopted that 
addr<'sses both of the above problems. The ap
proach to CFEA is described as mission-based. 
It is described as such because the mission of the 
unit to be analyzed is taken as the ooint of de
parture for the analysis. The CFEA ~l;"~'ss ern
ploys techniques of systems analysis -· and 
begins with specification of the unit rnission(s) 
or objectlvco(s), proceeds to specification of 
battalion element missions, and ends with delin
eation and description of collective tasks. The 
process is organized into two major phases: the 
mission analysis and the task analysis. Figure 1 
presents the major steps involved in CFEA. 
Fl);ute 2 depicts the relationship between the 
maj0r products of CFEA and the pha~es of the 
analysis. A brief description of the CFEA process 
is provided below. A discussion of the advantages 
of the mission-based approach follows. 
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As iilrlic~JtcJ in Figure l, tl1c mission analy
si~.; begins ·.~·i~h development nf mission statements 
tllnt describ2 tt1c objectives of tl1c unit under 
:111:1!\'sis. Statc:nent'-; .Jre formulated that reflect 
the• c:lp.tht1iri._.·~; of thL~ unit's pe~rsonncl :tnd 
(•quipn·~~nt (e.g., the mi~~sLun of nn .:1Ir defense 
b:ltL<Ll itln •,.,'l""tlld bL~ to provide lm.v to medium alti
ttode 'li r tkf•cnsc) and rcqulrcmcnts Lmposcd upon 
the unit by its pC~rent organizcttion (e.g,, a unit 
''ttach~d t•J •_he Rapid Deployment Force would have 
lite mission of rn,,ld depll>ymcnt via air or sea). 

Once till' unit's mission has been established, 
tlttcntion is turned to spccifyin~ the missions 
fll•rformcd by each of the unit's organizational 
cl~mcnts as they support accomplishment of the 
unit misaion. Specification of element missions 
is accomplished by determining the types of func
tions that are required to accomplish the unit 
I;~i:->:;ion (c .. ~., rl~tn, direct, engage, service, 
n•pnir, rc•:1rm, n•fucl, feed, etc.), dc!lcri.bing 
the oq::miznt!on:ll structure of the unit, and 
~llocnting the different functions to organiza
tional elements. For each element, a statement 
:>r series of statements are prepared that de
scribe the sryccific nature of the function(s) 
r~rrormcd by the element. 

After battalion element mis~ions have been 
snecifled thev are assessed to determine their 
c~!ticality. -Criticality of a battalion-element 
mission is primarily a fucction of three factors: 
its direct effects on Lhe battalion mission, its 
.. ·-~ccts on the nbUity of the battalion to sus
tain operations nne\ lts effects on ability of the 
battnlion to surv!.ve on thf! battlefield. If 
f.1i lure of a ml~Jsion affects unit functioning in 
any or thc>HC nrens, th~ mission is deemed 
rritl.rnl. 
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When the assessment of mission criti.:ality 
is complet<:>, the task analysis phase hegins. This 
rhase consists of three steps. First, each criti
cnl hnttalion element mission is analyzed to de
termine the collective tasks that support it. 
Dc1·Lvation of collective tasks is accomplished hy 
dcscrlhing all of the activities that arc in
volved in performing a given mission, grouping 
the activities into units of behavior constltuting 
tasks, and determining which are performed by 
collectives of personnel. 

Next, the collective tasks are assessed to 
determine their critic,:lity for training. A pri
mary factor affectinz a task's criticality is its 
influence or. the battalion element mission it 
supports, Tasks whose success or failure affect 
mission success are considered for training. 
Tasks that are difficult or hazardous to perform, 
or are performed infrequently and easily forgotten 
are given high priority for training. 

Finally, critical tasks are subjected to a 
detailed analysis ~1lchcBfoduces operational se
quence diagrams (OSDs). Operational sequence 
diagrams display the flow of task performances and 
the interactions among performers. Task conditionn 
and standards are specified in the same manner as 
for individual tasks. 

Adv'nE_SJ~s of the Hission-Based Approach 

The major products of CFEA are the battalion 
misslon(s), battalion element missions, and col
lective tasks, These products are used to develop 
Army Training and Evaluation Plans (ARTEPs), 
drills, and other training materials. Studying 
rel::~tionships between CFEA products depicted in 
Figure 2, several features of the mission-based 
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.tppr<l:tch t,, CFE,\ an1 apparc•nt, First, develor
m.•nt of misslon-oril'nted trnlnlng is facilitated 
bt•cau,.;t! tlte t:tsk,; tltar support a given mission 
.tt"L' spPl~iflvd. Se<cond, b('C:IU!4l' the Htartlng 
pnint t1f the nnal:-•sl.s ls a b.1ttalion mission, it 
[,; assu!·ed that all subscC]uent products are 
mlsslon rc•!,•vant, Third, bre:tklng tlte battalion 
mission into battalion element mission~ prior to 
SJh'd fy ing coll.,•ct ive tasks helps l'nsurc n 
tlt,,rou,~h 1 isting of ta,;ks, The battalion element 
missions provtdc a rnc•ans of ~:;ubdivic11ng the aren 
in ,,•ltlclt the sean·h for collt'Ctive t.1sks occurs. 
E:H'h battalicm elc•ment mission focuses the task 
.:ln~lly~;tts attention in 3 c1rcumscribcd arcat de
crc:tsln~; the likelihood th:lt important tasks ~o·ill 

~)L' ''~\'Prloo~cd. Fin.:1lly, the mission-based np
prc'"•'h to Cf'EA allows ior :1 more accurate .:J.»sess
""'nt "' t:1c:k critic3lity. The rcl:1tionship of .:1 
p;tt·ticular task to .:1 bat tal ion mission can be 
tr<Jrt'd thrnugh the batt:1lion clement mission that 
tile task supports. A task's cri.tic3lity can be 
determined bv jointly co~sidcrin~ the criticality 
of :1 task to the battalion element mission it 
sur;Hnt,; and the cri tica~ ity of th.:J.t batt.:J.lion 
ell~mc•nt mi.ssion to tltc r,attalion mission. 

lt should b•.· noted that the tradition3l 
j <>b-b:tsc·d app:·o:tch to front-end analysis docs not 
t)ffer tho bL·npfi.ts of the missi.on-b.:lst~d nppro.:tch. 
in till• job-based appro<Jch the task annly"t at
tvmpts to inventorv the tasks performed in a 
~~iven jc>b. Usc of a job-based approach to CFEA 
"ould tc•stll t in a thorough listing of tasks only 
1 f the jobs in the unit combine to fulfill all of 
the? uni.t's r('quircmPnts for successful function
ing. This situ.:1tion is probablv not the case 
;:lvc•n the fact tlt3t jobs in most units have 
t•volved ;ts ;1 function of uquipment utilized or 
changps in unit structure rather tlum on the 
basis of requirements dictated by a unit's mis
sLon. Further, the assessment of task critical-
[ ty [,; more' difficult in the job-based appro.:1ch 
lH'cause tlw relationship between collective tasks-·" 
:1nd a battalion mission cannot be traced ex
rllcitly. Finally, bpcnusc missions .:1nd the re
Lationships between missions' and t;:>sks arc not 
spec if led in the job-based approach, mission
oriented tr.:J.ining cannot be developed. 

ISSUES I:-< CTEA APPLICATION 

l1ltim:1tely, the objective of CFEA is to pro
vide inputs for development of training progrmru; 
that 1<11.1 enable a unit to perform l.ts mission, 
There nrc, howcvpr, issues regarding conduct of 
crEA that impact the products generated and, 
hc,ncro, the training programs subsequently dc
rLvecl. Review of training materials tb3t use 
CFEA products (e.g., ,\RTEP:;) indicates there is 
disilgreetnt'nt over lvl\.:lt constitutes n collective 
t;tsk. In addition, there is 1-'0in(' C]uestion as to 
tile· prnpt•r scope of CFEA. !loth of r·JH•se issues 
are dlscuHsed below. 
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The effectiveness of training programs dc
velofwcl usinv, CF!CA products is partly clep(mdent 
upon how precisely the performances to be trained 
are speci ficd, In preparing collective task 
statements users should give careful consideration 
to the definition of a collective task, Proper 
collective task statements should reflect units of 
work that are performed by two or more people, 
have a definite beginning and end, and have pur
pose in and of themselves. 

All too often, however, it seems that collec
tive tasks h:1ve been confused with collections of 
t:1sks, For example, in a rec~nt Army Training and 
Evnluation Program (ARTEP) one of the collective 
tnsks listed was to perform periodic checks. 
Periodic checks is u class of preventive m3inte
nnnce tasks, some of which are performed by indi
vidu.:~ls and s0mc of which are performed by 
collectives. Snch task statements are inappro
priate for training development purposes because 
th~y .:1re not specific enough and must be further 
analyzed in order to determine what is to be 
trained, In an ~ffort to aid specification of 
collective tasks, a set nf.criteria for evaluating 
performances is offered below. 

When developing collective task statements 
the .:~nalyst should review each performance under 
consideration .:1nd try to specify its start and end 
points. If these points can be determined, the 
stntement does reflect a task, Next, the analyst 
should examine the task to ensure that it is in 
fact a collective as opposed to an individu~l 
task, There arc several circumstances th3t give 
rise to collective tasks and the analyst should 
determine whether any apply to the t.:J.sk under con
sideration. First, some tasks require usc of 
skills found in two or more specialties. Other 
tasks require simultaneous performance of task 
steps in different locations.--Finnlly, perform
ance of o task can require such a large number of 
skills thnt it would be impossible for onE: person 
to pprform the task in a timely or otherwise 
effective fashion. Activities meeting these cri
teria are collective tasks. 

The stated objective of CFEA is to specify 
and describe collective tasks. Unfortunately, if 
tlw scope of Cf'EA is limited to specifying col
lective tasks, important individual tasks that 
support accomplishment of .:1 battalion element 
mission m.:~y be overlooked, The relationships be
t~een missions and collective nnd individu.:J.l 
tasks nrc depicted in Figure 2. Note that in 
some instances collective tusks nrc compo5cd of 
individual tasks. In others, individual tasks do 
not support collective tasks but stand alone in 
dfrect support of a battalion element ~ission. 
Many maintenance, .:~dministrative, and supervisory 
t.:J.sks, for example, are performed hy individtmls. 
Therefore, the objective of CFEA should be to 
specify all of the performances (both collective 
and inc! i vidual) that support accomplishment 0f a 
b.:J.ttalion-element mission. This orientation to 
CF!':A will t•nnhlt~ development of training programs 
that support all aspects c)f miflflion performnnce. 

\ 



CFEA JOB A WS 

'.;[ven the size of the units analvzed and the 
m:1ssive .J.mounts of (1ata thi1t are gene~nted, CFEA 
can St"'ern ovcn.rheJming to a task analyst. In de
si~nlng a process for ~onducting CFEA, an objec
tLve i1.1s been to provide procedures that can be 
re~dlly employed by Army training developers. 
Dcvl•lt.)pment of procedures wn:q h.:tsed on recognition 
,,f the fact tlwt front-end analysis is a somewh~t 
stthjl'ctiv•; process that c;mnot be algorlthmized 
to the <'Xtcnt th;tt thL' task :tnalyst need not make 
th.'cisions nr judr,mcnts. Given th.:J!: some decision 
!~~:-tking is ref1u.ired in CFEA, the f'O.-lC'~rn was to 
design rrocedures such that the .1mount of informa
tion l~ l1c maniJltJlatcd by ti10 user at any one 
point 1n the process is minimized. This wos 
dCCC'!:lplishcc.l by breaking the process into steps 
,;,,J developing job oids whenever possible. As in 
l1thl' l. train lng dcve lormcnt nnd ev.:tluation 
pro:"""so~ su,ch as(§)>e Training D'.'v'.'loper's De-
ctslon Atd (fDDA) and the Tra1n1ng EygJuation 
and Cost Ef!ectivencss Program (TECEP), job 
:1icls were developed for C!'EA ~o facilitate organi
z~tion of dat:1 and decision making. Examples of 
two job aids used in CFEA arc presented below, 

As nmny as 150 to 200 battolion element mis
sion stoternents might be generated in a CFEA. 
n,e process of developing this many mission 
statr~ments can be time consuming and tedious. 
Also, because of the large number of element mis
~ions performed in a battalion, it is easy to 
overlook some. In order to speed the process of 
specifving these missions and to help enrure 
thorough coverage, CFEA users are provided with 
a matrix of job aids, The job oiJ includes a 
list of generic functions which serve as prompts 
for developing mission statements, One job oid 
is for specifying classe~ of mission functions 
that <lpply to battalion elements. ~!tssion func
rlon classes are mojor groups of functions thot 
are performed in support of battalion missions. 
The three missiun function classes used in CFEA 
are combat operations, support, ond survival, 
This job ctid, presented in Figure 3, consists of 
a battolion element by function class matrix. 
The user enters 'X's into the appropriote cells 
of the matrix to indicate the function closses 
tl~;~t "!'PlY to cnch clement. 
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Next, elements identified as performing 
functions of a given class are compared against 
the functions that make up that class. Once 
agoin, a matrix job aid is used to identify and 
record the functions performed by each element, 
An example of such a job aid used to relate 
functions to elements of an air defense battalion 
is provided in Figure 4. Finally, specific 
statements of element missions are developed using 
the generic functions designated in the Figure 4 
job aid as a point of departure. 
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Elements to Functions in a 
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ABSTRACT 

Manpower and resource constraints over the next decade will force a 
reexamination of Navy training methods. One change that can be predicted 
is a shift in emphasis from maintenance to operational training as advanc 
ing technology leads to more maintenance-free systems with greatly enhanced 
functional capabilities. To assist in training approach trade-offs, a bet- 
ter definition of the overall training system is required as well as a 
statement of training system operational requirements by warfare area. To 
illustrate, an operational requirement is suggested for undersea warfare 
and the conclusion is drawn that increased emphasis should be placed on 
organic, onboard approaches to training as substitutes for current shore- 
side training methods. 

Training is the single most impor- 
tant fjnetion in which the military ser- 
vices engage during peacetime. To the 
term "training," should be added the 
phrase rand readiness assessment" because 
training by itself is incomplete unless 
there are methods of measuring the capa- 
bilities of trained forces to wage war. 
My thesis is that within the f'avy in gen- 
eral but, more specifically,- within the 
field of Undersea Warfare, the capabili- 
ties to train and assess readiness can be 
improved. 

That there are problems is due to 
many factors. Manpower availability of 
the proper quantity and quality, the 
characteristics of our weapon systems, 
the types of tools available for train- 
ing, organizational attitudes toward and 
perceptions of the nature of the problem, 
are among those included. One factor 
which does not appear high on the list of 
problem contributors is insufficient 
financial resources. The dollars are 
there. It is how they are applied that 
can be improved. 

There are five thoughts central to 
my argument which will be expanded upon 
during the balance of this paper. They 
are: 

n Constraints on manpower and re- 
sources will continue to grow dur- 
ing the next decade, forcing a 
continuing reexamination of train- 
ing methods. 

■ In Undersea Warfare, the Training 
System is a "system" in only the 
loosest sense of the word. 

■ Evolving technology will provide a 
shift of emphasis from maintenance 
training, a historical concern, to 
operator/tactical training, the 
principal problem of the future. 

■ Rational training system trade- 
offs are not possible in the ab- 
sence of a top level statement of 
Operational Requirements. 

■ An Operational Requirement pre- 
pared by persons knowledgeable in 
the Undersea Warfare field will 
lead to greatly increased emphasis 
upon organic, onboard, training 
approaches. 

We Americens can have amazingly 
short memories. Consider, for example, 
popular attitudes towards energy as J 
national problem between the time of the 
oil embargo of 1973 and the glut of 
1982. Then it was a crisis. Today we 
heat l.ttle of the explosive rhetoric of 
the early 70s, yet the basic problem 
remains. There is an interesting paral- 
lel between the national attitudes toward 
energy just noted and toward the avail- 
ability of military manpower. It is im- 
portant that we share a common perception 
of the manpower situation today and of 
future trends because of the importance 
of such projections to the Navy's future 
training system. 

Two years ago, manpower problems in 
th« Navy approached crisis proportions. 
Recruiting goals were not being met and 
retention statistics were appalling. It 
was not uncommon to read news items about 
rhips which could not operate because of 
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personnel shortages. Fortunately, 
national attitudes were strongly pro- 
defense and the Congress reacted with 
considerable dispatch to enact much- 
needed pay legislation. The desired 
effects were achieved and the manpower 
ebb was halted. 

I have nagging doubts, however, as 
to whether the reversal is permanent. 
How much has the recession contributed to 
improvements in recruiting and reten- 
tion? How much is the improvement due to 
a national conservative swing to the 
right, a movement which appears to be 
moderating as the issue of nu'.itr.ry pro- 
gram vs social programs, guns vs butter, 
intensifies? How much confidence should 
be placed upon historical data gathered 
since implementation of the All-Volunteer 
Force, data that indicate that wnile 
every pay raise has produced a peak in 
manpower numbers, each subsequent trough 
between peaks has been deeper than its 
predecessor. Whether history will repeat 
itself is uncertain. 

There is little cause for optimism, 
however, because there are at least four 
factors which will tend to aggravate an 
already shaky situation. First, we face 
a shrinking manpower pool of 18-year olds 
for at least the next ten years. There 
has been enough written on that subject 
that further amplification should be un- 
necessary. Second, as the 600-ship Navy 
goal is progressively reached, overall 
manpower requirements will increase even 
further. Third, the trend toward more 
sophisticated weapon systems designed to 
provide a sufficient margin of perfor- 
mance advantage to offset Soviet quanti- 
tative advantages has impacted the Fleet 
petty officer intensity, that percentage 
of enlisted men who are rated. An in- 
creased petty officer intensity tends to 
translate into 1 growing training pipe- 
line. During 1981, the pipeline absorbed 
21 percent of Navy manpower and was grow- 
ing at a rate of one percent per year. 
That 21 percent translated into a 2 bil- 
lion dollar annual investment. Lastly, 
accelerating technological change in the 
civil sector is of real concern. 

The microelectronics industry has 
felt the impact of the recession \ ss 
than other industry segments. It is in- 
evitable that as the economy heats up, 
the commercial electronics, data proces- 
sing and communications industries will 
undergo a veritable explosion and, in the 
process, create major demands for techni- 
cal manpower. Such demands must be sup- 
plied from that same manpower pool which 
supplies Navy needs. 

Rounding out the earlier analogy, 
the critical manpower situation of two 
years ago corresponds to the 1973 oil em- 
bargo. Today we may be in that somewhat 
complacent period caused by the apparent 
availability of adequate resources - the 
temporary oil glut of 1982.  In reality, 

however, if all factors were considered, 
the long term manpower picture, just as 
in the case of energy, looks pretty grim. 

Turning now to the second of the 
five points, upon entering the Navy, each 
new member becomes part of a very large 
and comprehensive training system which 
affects every aspect of his Navy career. 
This training system can be classed a 
"system" in only the loosest sense, as 
stated previously. It did not derive 
from the normal system development pro- 
cess where, first, requirements were 
defined and system functional character- 
istics were derived by trading off alter- 
native solutions to the stated problem. 
Rather, the system just grew. It evolved 
from a variety of individual responses to 
individual problems over many years. 
Rarely, if ever, has there beer an at- 
tempt to analyze the entire system as a 
whole. The system is huge. It almost 
defies analysis because of its size, 
which has been part of the problem. How- 
ever, analysis as a system is a "must" 
requirement. Ever-increasing demands for 
support will rot be satisfied as competi- 
tion for such resources grows. Trade- 
offs between alternate solutions will be 
necessary. For that purpose, a better 
definition of the training system and all 
its parts is required. 

Since training impacts manpower, 
equipment, and operation, it is not sur- 
prising that the training system has 
grown to be quite complex and that many 
organizations have training-related 
responsibilities. In Undersea Warfare 
alone, time does not permit the listing 
of all the organizations involved, bjt an 
inspection of Figure 1 which addresses 
only ASW and Atlantic Fleet activities 
for simplicity, illustrates some of the 
management complexities involved. While 
the roles and contributions of tne orga- 
nizations of the Chief of Naval Education 
and Training and of the Fleet Commands 
sea widely appreciated and understood, 
there are existing organizational ele- 
ments and expanding functions within the 
Navy Material Command which have a ma:or 
role in training which may be less well 
known. Included in this latter category 
are those organizations responsible for 
underwater ranges, targets and for train- 
ing capabilities embedded 'n weapon sys- 
tems under development. 

The Atlantic Undersea Test and Eval- 
uation Center may have had its origins in 
the development, test, and evaluation of 
underwater weapon systems but its contri- 
bution to training and readiness assess- 
ment through the monitoring of SHAREMS 
and MiniWars and in SSN/SSBN PCO training 
has grown significantly. Also, the scar- 
city of submarines for target services 
has placed increased emphasis and dic- 
tated growing resource requirements for 
such tools as the Expendable Mobile Acous- 
tic Training Target, the target hk 30 and 
its potential successor, the Advanced ASW 
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Figure 1.  ASW Training - Interested Organizations 

Target. Lastly, evolving silicon tech- 
nology, and in particular microproces- 
sor/microcomputer families coupled with 
low cost memory, has made it possible to 
either add onto or to embed training 
tools in systems already in the Fleet or 
entering system development. In the for- 
mer category falls the AN/BQR-T4 in- 
stalled in the Poseidon-class SSBNs, and 
the AN/SQS-T5 slated for the Aegis-class 
cruisers. In the latter category are 
found «-he embedded target stimulators of 
the Submarine Active Detection System now 
in engineering development and the 
planned organic trainers for the DD-963 
and FFG-7 class AN/SQQ-89s and for the 
SSN-688s beginning with SubACS Phase 0 in 
SSN-751. 

All of the above activities either 
complement or duplicate the training 
functions normally falling under the aus- 
pices or the Chief of Naval Education and 
Training. While there may not appear to 
be competition for resources because they 
may be funded from different lift« items, 
realistically their contributions to 
training and readiness should be measured 
by a common yardstick.  Such assessment 

will continue to be very difficult until 
a better systen n;odel of the overall 
training system can be formulated. 

As I stated in my third introduction 
point, historical needs for maintenance 
training will moderate and be replaced by 
increased requirements for training in 
operations and tactics. Systems deri- 
sions have already been made that will 
reduce the need for maintenance train- 
ing. This fact may be difficult to 
a:cept by an operator in the Fleet today 
saddled with the difficult task of keep- 
ing an older equipment on line, one which 
is neither modular in design nor equipped 
with built-in fault detecting and local- 
izing capabilities. As the newer gener- 
ations of equipments are being fielded, 
however, maintenance actions consist of 
plug-in replacement cf modules in re- 
sponse to system-generated instructions. 
For systems such a* SubACS which will 
appear in the Fleet in the latter half of 
the decade, system design requirements 
specify a sixty-day maintenance-free mis- 
sion, thus eliminating ever, the simple 
module replacement maintenance actions 
roted above. 
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That these changes are fortuitous is 
an understatement. With the manpower 
projections cited earlier, the Navy would 
be unable to man its ships, if prior 
maintenance design practices were carried 
forward to systems of the future. The 
day of the electronics "super tech" who 
coulr" make onboard module repair and jury 
rig a failed svetem into some form of 
operation is disappearing, if not already 
gone. Advancing electronic device tech- 
nology leading to dramatic increases in 
functional complexities and densities has 
moved the field beyond the levels that 
can be taught in A, B, or C schools. 
There may be super techs in the future 
but they will be found at Intermediate 
Maintenance Activities (IMA) and will 
probably be called "engineers". 

Rather than bemoan such changes as 
some may, we should be thankful. The 
positive growth rate of the training 
pipeline over the past years should slow 
and eventually reverse. I argue that 
even now there are sonarman A-school 
graduates who have no need for a ten-week 
course in basic electricity and electron- 
ics for the systems to which they will be 
assigned. Why teacn it, if it cannot be 
employed? Do we realty need to teach 
soldering techniques? I shudder to think 
of the damage that a misguided soldering 
gun can produce to a multi-layer, high 
density standard electronic module, or to 
a power supply or wiring backplane. I am 
convinced that maintenance training 
should be confined in the very near 
future to the reading of fault Indicators 
and simple module plug-in substitution 
for repair. 

While maintenance training require- 
ments may decrease, the need for 
operational/tactical training and for 
readiness assessment is increasing sig- 
nificantly. The Navy's response to quan- 
titative inferiority in submarine num- 
bers, for example, has been to maintain a 
significant qualitative performance supe- 
riority. ASW combat teams of fewer men 
are controlling systems with more func- 
tional modes, weapon mixes of greater 
variety and larger action areas than 
would have been thought possible just a 
few years ago. Towed arrays, Lamps II-, 
Harpoon, Tomahawk, over-the-hor i?o"! tar- 
getinq are just a few ot the many new 
tools whose efficient applic-.cion our 
operators of the 80s will need to mas- 
ter.  The training burden will be large. 

Up to this point., I have sketched a 
picture of increasing manpower problem.; 
with a shift in training requirements em- 
phasis from maintenance to operations and 
tactics. Also, I have stated that the 
training system which must take scarce 
manpower resources and transform them 
into war-fighting capable teams is not 
completely modelled. This makes trade- 
off  assessments  of  competing  proposed 

modifications to the system quite diffi- 
cult. My fourth point is as follows: In 
order to clarify the training system 
model and to assist in the important 
resrurce allocation trade-off process, 
top-level training system operational 
requirements, by v/arfare area, are 
needed. Let me illustrate what I mean by 
"top-level" by a suggested version of an 
operational requirement beginning with a 
statement of objectiv?. 

The objective of a training system 
is to prepa.e Fleet personnel, as indi- 
viduals and as teams, to per tor ni effec- 
tively in the operating environment and 
to measure combat readiness of both 
equipment and personnel. Each warfare 
area has unique requirements which must 
be satisfied if the overall objective is 
to be met. In undersea warfare the key 
requirement is to teach interpretative 
analysis skills as well as operating pro- 
cedures. 

There is a significant difference 
between knowing how to operate equipment, 
ships, and forces and how to use such 
resources to achieve an operational 
objective. Most training systems concen- 
trate on the procedural aspects of opera- 
tions training and neglect the more dif- 
ficult training challenge which is how to 
interpret and evaluate the contribution 
of each element of the system to the 
solution of the overall problem. Inter- 
pretative skills weigh heavily iii under- 
sea warfare in contrast, for example, to 
surface ship anti-air warfare. 

The highly complex underwater acous- 
tic environment, the low speed of sound 
in contrast to that of electromagnetic 
energy, and the low speeds of acoustic 
targets of interest relative to thsse ot 
aircraft and missiles result in tactical 
problems which evolve over minutes and 
hours rather than in seconds. The pro- 
cosses of detection, classification, 
localization and weapon control are very 
dependent upon team skills in analysis 
and interpretation of data which are not 
provided with the precision, uniqueness, 
ani rapidity of radar. In contrast, the 
speed with which the AAW problem develops 
with potentially threatening targets mea- 
suring in the hundreds at any point in 
time, points to system operation which is 
procedure dominated. Threat assessment- 
algorithms and rules of engagement must 
be predetermined. There just is not rime 
for extensive interpretation and analy- 
sis, for the reorientation of forces or 
the placement of new sensors nor are such 
steps needed. I do not mean to infer 
that procedural training is unnecessary 
in undersea warfare. To the contrary, 
procedural knowledge is very important. 
Without training in equipment operation, 
communication protocol, and tactical con- 
straints, as examples, a single platform 
ASW team or a mult i-platfora task group 
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cannot begin to function. In fact, the 
knowledge of proper operational proce- 
dures must become second nature. Too 
often, however, training in undersea war- 
fare stops at procedural training (the 
tip of the iceberg of the overall under- 
sea warfare training problem) a .id ignores 
the far more difficult aspects wh*ch are 
the teaching of interpretative anJ analy- 
sis skills. 

The second most important require- 
ment is to provide rapid, accurate assess- 
ment of system and team performance fol- 
lowing a training" event. This require- 
ment is not unique to undersea warfare 
and should be a characteristic of our 
training systems, independent of varfare 
area. Training without prompt, accurate 
feedback may do more harm than good by 
developing a false sense of accomplish- 
ment on the pert of participants vhen, in 
fact, the objective of the exercise is 
not accomplished. Again: procedural 
training is relatively straightforward, 
and performance assessment can be accu- 
rate and rapid with proper nur.itoring. 
Overall performance assessment involves 
determining whether proper interpreta- 
tions of available data were made and 
appropriate actions initiated. This is 
far more diffi ult. It requires i truth 
table (an accurate navigational plot of 
the positions of all platforms, sensors, 
targets and weapons) and a means of com- 
paring this truth table with what the 
exercise participants thought had oc- 
curred. 

In keeping with the earlier state- 
ment that maintenance training require- 
ments are decreasing and will continue to 
do so in the future, the training system 
should teach only the minimum maintenance 
skills consistent with organizational 
level support requirements. 

With the steady growth in operating 
demands upon our submarine forces, it is 
not surprising that to make minimum 
demands on submarine services as targets 
should be a priority requirement. While 
it is unrealistic to believe that the 
need for submarine services Tor exercise 
targets can be eliminated, alternate 
approaches to employing operating subma- 
rines as targets mu.^t be developed if we 
are to maintain a reasonable state of 
readiness in ASW. 

Experience has also shown that the 
provision of frequent training opportum- 
t les Ts ar, important requirement. A 
trained operator or team must practice 
regularly to keep developed skills. This 
has been deronstrated by tests of SSDN 
sonar operators during operating patrols 
and probably applies to other »embers of 
th« ASW tea». Since fum ;.ng and other 
constraints will probably continue to 
limit ship underway and aircraft flight 
time, it is imperative to use every op- 
portunity to exercise and train. The 
meaning of  the  term "frequent"  should 

depend on the perishability of the devel- 
oped skills as well as measured perfor- 
mance on previous exercises. It defi- 
nitely is not the one or two-year gap 
often experienced by frigates in conduct- 
ing a multi-platform SKAREM or MiniWar 
nor the quarterly opportunity VP air 
crews receive to drop one actual torpedo. 

Another requirement is that the 
training system be transparent to the 
operator, that is, is indistinguishable 
from a true operating system. This 
requirement can be interpreted two ways. 
First that any simulated/stimulated tar- 
gets or displayed information have per- 
fect fidelity with the real world and, 
second, that in addition, operators are 
not alerted and do not suspect that an 
exercise is in progress. The former is 
considered of principal importance when 
the training operation is striving to 
develop evaluative and interpretive 
skills. While there are occasions when 
it ;s desirable to test the state of 
operator alertness, that testing is rated 
considerably below the requirement for 
realism. Realism also implies that 
traininq exercises avoid stereotyping to 
where tear, participants recognize a repe- 
tition of a former event. 

It is also clear that the capability 
to train at all levels of the team — the 
individual sonar  cperator, the 
team, the combat system team is a re- 
quirement. Any significant investment in 
a training system must support all levels 
of team participants -- individuals as 
well as groups. 

Another desirable attribute is to 
impose no geographic cons t raints._ Geo- 
graphic independence is ""Important. To 
limit the area constrains accessibility 
to training and may imply a restrictive 
range of ocean environmental conditions. 

A problem that has occurred in past 
training systems is performance inconsis- 
tencies between the equipment used for 
training and that employed in Fleet use. 
It is an important requirement that con- 
sistency between equipment used fo" Flc»t 
operation, and that upon wh ich 11a i n i ng 
occurs be provided. D~i7?erences can 
result From unintended breakdowns in sys- 
tem configutat ion management during 
equipment evolution and development or 
from deliberate efforts to save cost 
through the use of inexact simulations of 
actual system hardware. Such differences 
may detract from the effectiveness of 
training exercises. What is more impor- 
tant, however, they could constitute dis- 
tractions during time of stress during 
actual operations. 

Nine requirements statements have 
beer, listed. There may be others which 
experienced personnel in the field can 
add. The list may require modification. 
The specific details are not as important 
as the existence of some formal statement 
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of requirements to facilitate system 
trade-offs and the resource allocation 
management process. 

The statement of requirements just 
developed provides positive support for 
the fifth point of my argument that or- 
ganic, onboard, training approaches 
should receive increased emphasis. Con- 
sider with me how each of the operational 
requirements just listed can be satisfied 
most logically by onboard training ap- 
proaches and the attendant, very real 
benefits which can accrue. 

Requirement 1 - Interpretative and 
Procedural Skills. To properly develop 
interpretative analysis skills requires 
environment models which faithfully rep- 
resent all of the complexities and infi- 
nite variations in ocean acoustic propa- 
gation and in background noise and rever- 
beration from both natural and manm.ide 
sources. The required degree of realism 
can undoubtedly be created artificially 
but at tremendous expense for development 
and operation. Normally the latter im- 
plies limited accessibility because only 
a few complex and expensive systems can. 
be afforded. The counter to the expen- 
sive ocean simulator is to use the ocean 
itself by mixing artificially generated 
threat data with t-.ne normal information 
detected by ship's sensors. 

Procedural training, on the other 
hand, does not require exact realism in 
environment modelling. Simple models can 
bt embedded economically in sensor sys- 
tems to support procedural training in 
port. Soir..' may suggest thüt portable 
van-installed systems located in major 
fleet centers car provide the function 
described. Procedural training in port 
could be satisfied by such an approach 
although front-end target injection by a 
portable system may be a poor choice, 
because of the susceptibility to electri- 
cal interference of the early processing 
stages of sonar sensors. The van sys- 
tems, however, will fall short in realism 
for interpretative training ncr will they 
satisfy the need: of ships on extended 
deployments such, as those in the Indian 
Ocean who now are suffering from a lack 
of ASW traininq opportunities. 

Requirement 2 - A Truth Table. A 
principal limitation from which onboard 
training efforts have always suffered has 
been the inability to piovide rapid, ac- 
curate feedback on ship performance fol- 
lowing a training exercise. The greatly 
expanded use of range facilities such as 
AUTEC has been motivated by this require- 
ment. While the ranges have the ability 
to accurately measure performance, feed- 
back has not 2!ways been rapid. "Hot 
W'ashups" and "Quick Look" reports de- 
signed to quickly disseminate information 
may have benefited Command levels but 
have not been sufficiently detailed nor 
prompt to be of value to the working 
level members cf the ASW team. 

The Post-Operational Analysis and 
Exercise Review Program, acronym PACER, 
developed for use initially on the 
BARSTUR Hawaiian Range, was designed to 
correct the above deficiency. PACER pro- 
vides a critique to participating units 
within three days of an exercise which 
consists of a narrated, pre-edited and 
time-compressed video replay of 3-D range 
tracking data merged with shipboard tar- 
get motion analysis data. The program 
has been very effective and similar ef- 
forts are being applied at other ranges. 

As valuable as current instrumented 
ranges and exercise feedback systems are, 
they do suffer from limited accessibil- 
ity. The average ship might expect an 
opportunity only once a year to exercise 
on rang- . In contrast, an organic 
trainer with embedded target injection 
capabilities provides the same benefits 
for target detection, classification, 
target, motion analysis and weapon direc- 
tion functions as an instrumented range 
and a PACER system without the availabil- 
ity restrictions. The only function not 
covered is live weapon firing. Torpedo 
weapon firings are not normally conducted 
in the open ocean because of the need for 
retriever services and most firings occur 
on the instrumented ranges. If, however, 
retriever services are available, there 
are techniques which support weapon fir- 
ing in an open ocean exercise while em- 
ploying an organic trainer. 

Requirement 3 - Maintenance Skills, 
With maintenance at the orqanizational 
level confined to module substitution, 
onboard training is practical. A variety 
of new ♦■ools such as the interactive 
video disk can provide training support. 
A video disk/sonar display marriage would 
permit individual operator maintenance 
traininq d\.ing non-battle condition? 
when underway or in port when manning of 
all consoles for routine operations is 
not a requirement. The interactive video 
disk coupled to system sonar displays 
should also eliminate maintenance mnnuais 
as we know them todav. 

Requirement  4 
Service  Demands. 

Minimize Submarine 
An onboard training 

system based upon artificial target in- 
jection is obviously in keeping with this 
requirement. There are, of course, al- 
ternate approaches possible such is 
expendable or reusable mobile training 
targets. All existing and planned tar- 
gets such as the Mk 38, EMATT, the Mk id 
or the Advanced ASW Target suffer as com- 
bat system training targets because of 
the technical difficulty of achieving 
acoustic fidelity or tactical realism. 
In order to provide some form of target 
azimut? 1 extent, for example, it is nec- 
essary tow multiple transponders to 

jhlights. Towed arrays compli- 
design as well a* ehe launch- 

r«rtri«val process while still 
less than perfect target 

The  faithful  reproduction of 

produce \ 
c a t e s y y 
mg  and 
providing 
real ism. 
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submarine low frequency radiated tonals 
is also quite difficult within transducer 
size constraints which are practical for 
expendable or torpedo-sized targets. The 
speed and depth characteristics of cur- 
rent threat targets are also a challenge 
to emulate. Oiboard target stimulators 
suffer from none of the above limita- 
tions. High fidelity target signatures 
and realistic target motion dynamics have 
been demonstrated repeatedly. 

Requirement 5 - Frequent Training 
Opportunities. Organic trainers usable 
underway and in port certainly satisfy 
this requirement better than centralized 
facilities which require transport of 
teams to training sites. In addition, 
ensuring the availability of all appro- 
priate members of a team to be trained 
can be a very real challenge because of 
conflicting personnel requirements when a 
ship is in port. 

Requirement  6 Training  System 
Transparency. As was noted previously, 
this requirement can be interpreted in 
two ways. First, there is the require- 
ment for high fidelity in order that 
operators in training to detect and clas- 
sify underwater targets not do so based 
uupon some misleading artifact of the 
simulation which would not appear in the 
real world. Considerable development 
effort has been applied to this area for 
training systems now in use by the Navy's 
strategic-missile-firing submarines. A 
review board consisting of members of the 
intelligence community and submarine 
school instructors exhaustively test all 
target simulations prior to their release 
to the rleet to ensure real world fidel- 
ity. This requirement applies equally to 
either shoreside or onboard training sys- 
tems. 

The second interpretation concerns 
operator/team alertness. Conventional 
wisdom in the past has precluded the use 
of target injection systems to determine 
the degree of alertness of sensor opera- 
tions. The general concern has hee.i that 
exposing the inadequacy of an operator by 
i necting a target without his knowledge 
wot'ld lower motale and lead to probable 
injection syste.it sabotage. That view is 
questionable. It is reasonable tc be- 
lieve however, that an operator must have 
a reasonable probability of winning in 
any contest or otherwise morale will be 
adversely affected. Because of the total 
ita-'equacy of tools to support opera- 
tional skills development today, the 
probability of winning is low. However, 
or. tome SSBNs with organic stimulator 
training capability, the operators have 
developed enough confidence in their 
capabilities that on their own initiative 
they have turned the learning process 
into a ga-*<» where they pit their detec- 
tion and classif»cation skills against 
one another. 

Requirement 7 - Training at All Team 
Levels. Training all members of the ASW 
teams includes training extending from 
sensor operators up to and including the 
command level. For a specific ship in a 
specific exercise, the extent of specific 
command involvement is always a function 
of the judqempnt of the Commanding Offi- 
cer in tf>rms of the specific objectives 
of the evolution and the needs of the ASW 
team. However, the training system 
should permit the Commanding Officer to 
e;;.~rCistr his tactical judgements and mea- 
sure the results against exercise cri- 
teria ar a part of the ship's total prep- 
aration for war. For those ASW surface 
ships being equipped with tactical ASW 
sensors only recently in the inventory, 
the capability for the Commanding Officer 
of these ships to develop and evaluate 
new interpretive ana tactical skills is 
an urgent necessity. 

Conflicting personnel requirements 
when a ship is in port were cited a'.: a 
limitation of shoreside training syscims 
when discussing the requirement for fre- 
quent training opportunities. These same 
limitations apply when attempting to 
train the entire team ashore, especially 
at the senior team member level. 

An organic, onboard training capa- 
bility with inherent "truth table" fea- 
tures would certainly help in this area. 
A ship team from Commanding Officer on 
down could stage ASW engagements as fre- 
quently as desired without reliance upon 
outside services and be free to make all 
the typical mistakes inherent in the 
learning process without outside observa- 
tion and command embarrassment. Once 
individual ship confidence in team abili- 
ties is reached, it is not ditficult to 
envision training operations between 
pairs of ships using stimulator targets, 
between ships and aircraft, and eventu- 
ally among complete ASW Task Units. 

Requirement 3 - No Geographi ; Con- 
straints. Fixed ranges .such <is AUTEC, 
BARSfÜR and St. Croix iTpose geographic 
constraints which not only limit accessi- 
bility but constrain training to the en- 
vironmental conditions at that particular 
location. Such conditions may not be 
typical of the broad spectrum of condi- 
tions experienced throughout the world. 
AUTEC is a good illustration where the 
"bathtub" bathymetry of The Tongue of tne 
Ocean precludes effective use of low fre- 
quency active sonar because of very hiqh 
reverberation interference. Organic 
trainers do not constrain training opera- 
tions to a particular area. 

Requirement 9 - Consistency Between 
T r a inino and Operational EguipmenTT  Ft 
Is obvious that onboard trainers which 
stimulate  operational 
such consistency. 

equipment  ensure 
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In summary, the material that I have 
oresented in th: 3 paper suggests changes 
to the manner in which ASW training is 
conducted in the Navy today. My conten- 
tion is that manpower and resource con- 
straints, coupled with the nature of the 
submarine threat, demand that the Navy 
extract every ounce of capability inher- 
ent in our sophisticated ASW systems. 
Accordingly, training and readiness 
assessment are critical. Fortunately, 
technology advances will permit heavier 
concentration on operator training. How- 
ever, logical and necessary changes are 
being impeded bv unclear perceptions of 
our current training systems and the lack 
of a concise statement of top - level 
requirements. I have suggested such a 
statement of requirements and argued that 
organic, onboard training systems come 
closest to satisfying then. 

I am encouraged that others recog- 
nize the importance of organic training 
approaches as a means of shortening the 
training pipeline and increasing the ef- 
fectiveness of personnel utilization. 
The Enlisted Personnel Individualized 
Career System (EPICS) is a case in point 
which is being applied to the NATO Sea 
Sparrow program. The goal of that effort 
is to develop skill level III trained 
personnel at the end of six years while 
having devoted only 50 weeks to shoreside 
schooling, including recruit training. 
Tf successful, this change will consti- 
tute a significant improvement in utiliz- 
ation and resource application. 

Underlying all that I have said in 
stressing the need for reducing the 
training pipeline and in arguing for sup- 
port of onbrard training, is a fundamen- 
tal  belief  that  everyone  enjoys doing 

that which he knows he does well. We all 
learned that lesson early in life in 
school where the subjects in which we 
received good grades were normally our 
favorites. Lack of confidence in one's 
ability to perform assigned tasks or, 
what is worse, confusion as to what one's 
job really is, is self-defeating and a 
morale depressant. I am convinced that 
training can be fun, that well-trained 
Navy personnel enjoy high self-esteem, 
pride of organization, good morale and, 
accordingly, will tend to remain in the 
service. Adopting the suggestions pro- 
posed in this paper can help to foster 
that happy situation. 
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ABSTRACT 

Since 1973, General Physics Corporation has been developing operational train nig program 
materials for use on board surface ships, submarines, and aircraft of the United States 
Navy. These programs have been oriented toward providinq an individual ship or  squadron the 
capability to increase its operational performance in a particular warfare area through a 
•\eries of scenario-based exercises, utilizing the unit's own inherent training assets and 
capabilities. These programs have been evolutionary and as the programs have matured, many 
problems have arisen which have complicated program organization, development, Pleet 
implementation, and overall use of the materials. These problems include: confusion and 
lack of understanding of the nature of onboard training; lack of documentation for combat 
systems; conflicting or non-existent operational guidance; limitations of imbedded training 
modes and systems; inability to keep pace with system upgrades and modifications; 
difficulties in implementing programs and materials; and difficulties in sustaininq interest 
and use in Fleet units. Each of these problems has-been encountered and dealt with, with 
varying degrees of success. These -^lessons learned^ and other recommendations are  presented, 
for the consideration of others embarking on development of onboard training efforts. Na^jrK 
policy toward onboard training and funding ire  discussed and recommendations made. Finally a 
list of thumbruies for onboard training program and material developers is present* .. 

INTRODUCTION 

In 1973 General Physics Corporation 
commenced development of methodology and 
materials to support onboard operational 
training and individual and team assessment in 
sonar and fire control/attack center operations 
aboard U.S. attack submarines. This initial 
effort, sponsored and directed by Commander, 
Submarine Forc^, U.S. Atlantic Fleet, was 
designed to formalize and standardize onboard 
combat system training, as well as to provide a 
submarine commanding officer or his operational 
commander with a quantitative, objective 
assessment of the ship's overall operational 
readiness in combat system operation. The 
Submarine Sonar and Fire Control Operational 
Readiness Assessment and Training Program 
(eventually shortened to Submarine Operational 
Readiness Assessment and Training (SORAT) 
Program) was developed in close cooperation with 
the operating Fleet and addressed operation of 
current onboard systems using ex.,ting tactics 
and procedures, thus encompassing the day-to-day 
training requirements of an operating ship. A 
key feature of the program was the extensive use 
of existing equipment and imbedded training 
modes or capabilities of the combat system. 

SORAT 
all Fleet s 
for SS and 
program was 
conversion 
Sonar and t 
Today, the 
versions (t 
suites} and 
submarine. 

was mass produced and distributed to 
ubmarine units (including versions 
SSBN) in 1978. About this time the 
adapted to support the rapid 

of submarines to the digital AN/BQQ-5 
he MK 117 Fire Control System, 
program exists in 13 different 
ailored to various sonar/fire control 
is aboard virtually every U.S. 

The same methodologies developed and 
refined in the SORAT Program have been adapted 
in recent years to apply to other warfare areas, 
ship types, and to commercial applications. 

Examples are  the Operational Readiness 
Assessment and Training System (0RATS) for 
Surface ASW (FF 105?, DD 963, and FFG 7 
Classes), the Deployahle Acoustic Readiness 
Training System (DARTS) for P-3C Patrol Plane 
Squadrons, (the Battle Group Readiness 
Assessment and Training System for AAW (Anti-Air 
Warfare Commander Self Training and Assessment 
of Readiness (STAR) Program), the ship-level 
Anti-Air Warfare Readiness Assessment and 
Traininq Program (AAW RATS), operator 
performance assessment for power plant (nuclear 
and fossil) control room simulators, and the 
Readiness Assessment and Training System for 
Submarines of the Royal Australian Navy 
(P0ORATS). Several other adaptations are 
cu" ently underway or   in the advanced proposal 
stage, including RATS programs in tne areas of 
Electronic Warfare, Navigation and Piloting, and 
military and civil disaster preparedness. 

Each of these programs has t .vn developed 
independently and each has presented unique 
problems to the program and material 
developers. There dre,  however, common or 
"generic" problems and difficulties, normally 
encountered in every project, that must be 
addressed. The intent of this paper is, 
therefore, to describe some of these problems, 
sugqest possible resolutions to these problems, 
and to then list a number of tnunbrules which 
migh» be of assistance to others in the 
development of onboard training and/or 
assessment programs. 

ONBOARD TRAINING 

What Is Onboard Tra>mng? 

Bef^-e proceeding farther, it is necessary 
to define "onboard training" as the term will be 
used in this paper. Much discussion has 
centered around onboard traininq in recent years 
and there is confusion about what onboard 
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training encompasses. In a general sense, 
onboard training can be thought of as any type 
of training conducted on or for a unit outside 
of the shore-based training environment. This 
definition would therefore include such training 
as watchstation training, rate training, 
lectures, seminars, demonstrations, drills, and 
on-the-jjb training (OJT), both formal and 
informal. When onboard training is viewed by 
any particular individual, however, the 
definition evoked usually applies only to a very 
specific area, usually relating to that 
individual's somewhat parochial interests. For 
example, to a Division Officer, the quarterly 
schedule of lectures for the division may be 
perceived as the extent of onboard training. To 
an ILS manager st NAVSEA, onboard training may 
relate only to the training of maintenance 
personnel to repair his particular piece of 
equipment. To tne educational specialist at 
CNET, the term might only apply to the area of 
OJT. To the type or force commander, hopefully 
the term would apply to any type of training 
conducted by the ship to establish and maintain 
its proficiency in operations, maintenance, and 
overall readiness. The very general term 
"onboard training" is used frequently to 
describe a very specific aspect cf this 
training. 

This paper will also apply the term to a 
very narrowly defined area. Onboard training is 
therefore defined as "individual or team 
watchstation training designed to provide 
operational familiarization or proficiency 
maintenance in those skills required for proper 
system employment, using a.tual equipment, where 
possible, and simulating the at-sea environment 
realistically." It should be noted that this 
rather narrow definition excludes equipment 
maintenance training and other types of training 
such as lectures and seminars (although it could 
be readily expanded to encompass these also). 
It does, however, closely approximate formal OJT 
and can be thought of as a supplement to this 
type of training. 

One might wonder why such a narrow and 
restrictive definition of "onboard training" is 
used. Not using such a sharply defined term 
leads to the most formidable problem in 
development of onboard training programs--namely 
that a program cannot be all things to all 
people at all times. In proposing an onboard 
training program to be administered to a certain 
group on board a ship (the ^onar division, as an 
example), the developer is facet' with a diverse- 
array of individuals with widely varying formal 
training, at-sea experience, attitudes, rates, 
and proficiency.  In addition, there ire  a 
variety of skills an operator should possess in 
order to properly accomplish his assigned 
watchstation tasks. The developer must 
structure his program so <<•- *n address thove 
diversities between individuals, as well as the 
different skill areas. 

To present an example, take the sonar 
division aboard a U.S. nuclear attack 
submarine. Tne division as a whole must be 
proficient at detection, classification, 
tracking, and specialized operating 
procedures, further bre.V-down includes both 

passive and active operational skills. 
Additional subsets of skills would include 
torpedo detection and tracking, and reporting 
procedures. The division is split into 
watchsections, so proficiency is required for 
several groups, as well as for the Battle 
Stations organization. Skills must be developed 
at an individual operator level, as -»;e'l as for 
the team. Team skills can be assembled from 
individual skills only with effective 
coordination and supervision. Therefore, 
supervisory training must also be addressed. 
The entry level of personnel into this division 
is another consideration. The division chief 
and experienced supervisors do not require the 
same training that a seaman or junior petty 
officer should obtain. At any particular level 
of experience, materials should offer a variety 
of situations or levels of difficulty so that 
experience can be acquired on increasingly more 
difficuH tasks. The list could go on and on 
with further breakdown into desired or necessary 
areas of training. 

All of this suggests an extremely large, 
complex, and expensive series of training 
programs, if all of these considerations are to 
be addressed. Obviously, such a series of 
programs would be highly desirable, but the cost 
of developing such a program (for only one 
division) would be staggering. The developer is 
therefore left to determine which areas should 
be addressed, in what depth, at what level of 
difficulty, and in what manner (medium and 
format), all within what is normally a very 
limited budget. He must then wrestle with the 
problems of how to introduce the materials, how 
to promote their use, and how to maintain the 
currency of the program. Obviously, there will 
be a wide range of opinions on which, what, and 
how, both internal to the developing 
organization, and externally within the client's 
organization. 

Some of these specific problems which 
develop, and which must be addressed, will be 
elaborated en in the remainder of this paper. 
They are broken down into five major areas:  1) 
developmental problems, 2)   implementation 
problems, 3) usage problems, 4) program 
maintenance problems, and 5^ Navy policy toward 
onboard training. 

P»0BLEM AREAS 

Deye1opmenta1 Problems 

As alluded to before, specification of a 
proqram, curriculum, or a framework for future 
development for onboard training is not an easy 
task. The traditional Instructional Systems 
Development (ISO) model lends itself Tore to the 
development of a formal school-house course of 
i nc t rijr t i nn    t^?.n    tn   5   rpmnrohonc ii'O   chin. 

administered training program. Since the combat 
systems to be addressed are normally already 
installed :,r.  operational units, it is desirable 
to qet training materials in place in a short 
period of tine. Unless much of the front-end 
analysis has been conducted during system design 
and development, ihe d°veloper is faced with the 
lengthy and t \.ne-consoming process of task 
analysis which must be accomplished before 
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proceeding with training program development. 
Within time and funding constraints imposed by 
the client, the developer must also decide which 
areas should be addressed and to what depth. 
Obviously, these conflicting requirements can 
cause many headaches and much consternation on 
the part of developer and client alike. 

Our  approach to this problem has been to 
let the client decide. Since the type or force 
commander is concerned with the ability of his 
ships to go to wai today (and not three years 
from now) the emphasis has usually been placed 
on rapid delivery of training (materials, using 
existing tactical doctrine and operating 
procedures as the documentation of correct 
operator procedure or response or as a 
performance standard. Using this approach, 
material delivery can occur early in Program 
development while, at the same time, details of 
the long-term program can be filled in as it 
progresses  Although not an ideal situation for 
development of a comprehensive program, it does 
provide the operafTonal commander with materials 
addressing current needs, while at the same time 
developing a framework for addressing future 
systems and requirements. 

Even when the framework has been developed, 
front-end analysis completed, objectives 
specified, and media determined, the training 
specialist who will develop the materials is 
still faced with a multitude of problems. 
Within the sphere of operational combat system 
training, these can be placed into two general 
categories — lack of documertation and equipment 
1 imitations. 

Lac1' of Documentation. Perhips the most 
frustrating" situation for a training raterial 
developer is to not have adequate technical and 
tactical documentation to support training 
material development. This situation has arisen 
for virtually every new combat system delivered 
to the Navy in the past several years. Besides 
preliminary operating guidelines (based on how a 
system should werk) and technical manuals (often 
with many "To Be Supplied" pages), little 
written documentation is available to assist the 
developer in creating the materials. Our 
approach to in is problem has been to employ 
subject matter experts, trained in the field of 
interest, to generate the training materials. 
These material developers work closely, and 
interact frequently, with users and technical 
experts to verify accuracy of the developed 
materials. As Fleet experience in operating the 
system is obtained and as tactical procedures 
are refined, identified improvements can be 
readily incorporated into the existing 
materials. 

£ont JLic l! n9 Tactical Doctr i ne. A prob 1 em 
frequently encountered is that o7 conflicting 
documentation for a system. This is sometimes 
caused by the delay in delivering documentation 
for a system, or by making a change in one 
publication and not another. Similar 
discrepancies often develop because of official 
or unofficial differences between Pacific and 
Atlantic Fleet operating environments ad 
tactics. There arc two approaches which can be 
used to alleviate this problem. One is to 

create materials that are non-specific in the 
areas of conflict. The other is to develop two 
versions of the same module, each version 
reflecting the applicable guidance. Although 
the latter is the better alterrative, it creates 
administrative problems in dissemination and 
control of materials. Therefore, the "generic" 
training material approach is generally used 
with space allowed fen insertion of locally 
determined amplifying material. 

imbedded Traini n a Capability Pr ob lerns_. One 
of the cornerstones "öT all of our programs has 
been reliance on imbedded training modes and 
inherent stimulation capabilities of the 
systems. Based on the premise that the most 
effective operational training should be 
conducted on an operator's own equipment in 
realistic surroundings, built-in training modes 
are used whenever possible. Although many of 
these training modes provide excellent high 
fidelity stimulation, virtually all are somewhat 
limited and their capability must be 
supplemented to provide additional realism and 
effective training. The first characteristic 
weakness observed in virtually all imbedded 
systems is that they have been designed solely 
for stimulation of that particular piece of 
equipment and no others. For example, the 
built-in training mode of the MK 117 Fire 
Control System provides a training capability 
for Weapon Control Console (WCC) operators, 
especially in the atea of Tarqet Motion 
Analysis. This mode is adequate for training 
individual WCC operators but has severe 
shortcomings if Attack Team traininn is 
desired. It is not designed to drive plotters 
or hearing repeaters and so the Plotting Team is 
effectively excluded from this team training 
unless some artifice is used to include 
realistic sensor inputs. Likewise, the Imbedded 
training mode of the AN/BQQ-5 Sonar System 
provider an unsatisifactory presentation and a 
small variety of contacts and must somehow h^ 
sipplemented or substituted for.  In both of 
these situations, solutions to the problems have 
been developed which have not significantly 
detracted from realism. Concurrent operation of 
the sonar and fire control systems has presented 
considerable problems, however. Hue to the many 
artificialities required by simultaneous 
operation for training, the number of personnel 
required to administer a combined team training 
exercise approaches the number of exercise 
participants or trainees ana is thus normally 
impractical to conduct. Desiqners of future 
systems should consider the need for complete 
combat system team training capability 
(including operation in back-up or casualty 
modes) in designinq imbedded training functions 
for these systems. 

Another deficiency frequently observed with 
imbedded training functions is the shortcomings, 
or total lack, of operational cheeks ana 
preventive maintenance coverinq these modes and 
equipment. This is particularly true of some of 
the older analog, mechanical systems. One prime 
example is the Own Sh<p Motion Simulator (0SyOS) 
used to provide own ship course and speed inputs 
to fire control and plottinq equipment aboard FF 
105? Class ships. On virtually every ship on 
which the ORATS program was demonstrated the 
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OSMOS either did not operate at all, or provided 
only partial or improper input to the 
equipment. In all cases, this deficiency was 
unknown to ship's personnel because there was no 
periodic preventive maintenance to check out the 
system and testing of the unit was not adequate 
during new construction or overhaul. To solve 
this fype of problem, it has often been 
necessary to develop special testing and 
alignment procedures as adjuncts to training 
materials for this equipment. These are 
conducted periodically by thp ship to verifv 
proper operation and identify potential faults 
or problems. 

The long term solution to all of these 
problems is, of course, to build a comprehensive 
training stimulation and management capability 
into each new combat system. This process 
should ideally commence on Day 1 of system 
specification, and be carried through full scale 
development with the same priority and emphasis 
as with any other part of the combat system. 
Recent events in procurement of systems such as 
the AN/SQQ-89 and the SUBACS have shown 
encouraging signs that the Navy is moving in 
this direction. 

System Upgrading and Improvement 
Problems. A constant thorn in the side of 
training material developers (for which there is 
currently no good solution) is the seemingly 
endless series of changes and updates to current 
combat systems. Take for example the AN/BQQ-5 
Sonar System. There are three versions of the 
system (Baseline, A, and B) installed on 
submarines today with another scheduled for 
introduction in the next few years (C). For a 
developer to produce materials for each is, in 
itself, a formidable task. Add to this a series 
of updates (FY-79 update, FY-81 update, etc.), 
each of which modifies operation of the 
system. Now the developer must choose between 
creating training materials so general that they 
can cover all systems or creating several 
different versions of each module detailed to 
address all configurations. W;th the large 
number of systems in i'se, the administrative 
burden of keeping track of who has what is 
staggering. 

A variation of this same prob'em recently 
occurred when a software change to a comb-it 
system rendered over SOX of the training 
materials in the Fleet addressing that system 
obsolete. At present the only solution to this 
problem is to withdraw the obsolete materials 
from circulation and gradually replace them as 
time and funding permit. 

Implementation Problems 

When tite training materials have been 
produced, the overall job is only partially 
complete.  The materials must be introduced, 
demonstrated, and integrated into a ship's 
existing training program. A well conceived, 
timely, and efficient implementation plan is 
essential to the long-term success o<   any 
training program or training materials which 
will be used by operating forces on board ship. 

A well-conceived plan is one which will 
provide exposure of the program to the largest 
number of units, provide a comprehensive view of 
the overall program and specific examples of 
materials, place the least possible 
administrative burden on the ship, and convince 
personnel on the snip that the program can, in 
fact, help them upgrade and maintain their 
operational readiness. 

In this area, advanced planning is the key 
element to avoid problems. This planning should 
be done with the cognizant squadron or force 
representatives in order to facilitate 
scheduling of individual units. A detailed 
agenda of each proposed ship visit should be 
prepared and submitted to the squadro'i for 
review and comment. Examples of items which 
should be covered in the implementation visit 
include briefings on program purpose, 
objectives, mechanics, and methods structured 
toward a particular audience (e.g., Wardroom, 
Sonar Division, Section Tracking Parties). 
Then, representative examples of the training 
materials contained in the program should be 
demonstrated. As an example, during SORAT 
Program implementation visits, individual as 
well as team sonar and attack team exercises are 
conducted on each ship. Finally, time should be 
set aside to assist division officers and 
leading petty officers by suggesting methods for 
integration of the trai>" -g materials into 
existing training plan, and qualification 
processes. 

A key factor of this advanced planning is 
selection of personnel to conduct the 
implementation. The single most important 
attribute of these personnel is credibility, 
followed closely by the ability to communicate 
with all echelons of the Navy structure, from 
junior enlisted to flag officer. The 
implementer's cred;biüty includes knowing the 
program, knowing t'e audience, and being able to 
relate the conditions and environment of the 
ship to his own experience. The ability to 
communicate effectively is, in fact, a major 
part of the individual's credibility, zrx*. 
implies the ability to discuss the specific 
aspects of the proqram in layman's terms, not 
those Df ,icademia or the educational community. 

The second element of a successful 
implementation is timing. Cominq aboard a ship 
two days before a major inspection or durinq 
loadout for a deployment can totally destroy any 
positive attitude toward a proqram.  There is no 
S'nqle best time to plan for implementation, but 
ideally the period shortly after a major 
overhaul is the best. Personnel are normally 
anxious to go to sea, and desire to hone their 
previously established operating skills which 
have been dulled by the long in port period. 
Obviously, if implementation >s conducted on a 
squadron h.nis, not all ships will be at the 
same point in the overhaul cycle. Put in 
establishinq a lonq term, individualized 
proqram, this post-overhaul periou is ideal for 
introducing a proqram. 

The third element in successful 
implementation is efficiency.  This depends to a 
large extent or.  the advanced planning which has 
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been done. The flexibility of implementation 
team personnel is also a major factor. The 
ability to respond professionally and 
knowledgably to a particular problem reflects 
well on the program as a whole. For example, 
suppose a particular demonstration scheduled in 
the agenda cannot be accomplished because the 
equipment is down for maintenance. The team 
should be able to suggest and conduct alternate 
demonstrat ions not requiring use of that piece 
of equipment. The crew's time is valuable and 
any real or perceived waste of that time will 
detract from acceptance of the program or 
materials. 

The final element of success is to get 
squadron personnel to assist, or at lert be 
present, for each implementation visit. In 
addition to adding an air of squadron interest 
and participation to the implementation, it also 
serves to indoctrinate and train on-site proqram 
facilitators who will be able to provide 
implementation visits on their own to ur.its not 
present when the original implementation is 
conducted. 

Usage Problems 

It is not uncommon to hear from .': training 
material or program developer the plaintive cry, 
"I pour my heart and soul into developing the 
best possible training materials, show the FV?et 
how to use them, and convince them that they can 
increase their readiness by using the materials., 
and then the Fleet doesn't us: them! Why?" The 
answer is simple--lack of time. Anyone who has 
served on a fast attack submarine knows that the 
acronym, SSN, does frequently stand for 
"Saturdays, Sundays, and Nights." The same 
holds true for virtually every other platform in 
the Navy. With heavy preventive and corrective 
maintenance schedules, shortages in manning, 
hectic operating schedules, and a host of other 
requirements, both inport and at sea, the time 
available for onboard traininq is extremely 
limited. On a list of priorities for an upkeep, 
training would probably come last, and would be 
the first item to slip off the list as the time 
to get underway approaches.  Therefore, how can 
onboard training proqram usaqe be initiated and 
maintained? 

Part of the responsibility for this iies, 
of course, directly on the shoulders ot the 
Navy. Emphasis on the ;mportance of training 
and perhaps even a mandate for its use will 
provide part of the answer. However, it is also 
the responsibility of the material and proqram 
developer to assist in this by producing a 
product which is responsive to shipboird 
application and use.  In our experience, several 
factors most directly affect shipboard attitudes 
and jsaqe. The most significant of these are 
realism, administrative burden, and user 
feedback. 

A trainee will often make a comment such 
as, "This contact doesn't sound (or look) like 
the real ones on my system." Because of this 
discrepancy between what is contained in the 
tra»ninq material and what the trainee perceives 
as toe real wor'd, he will often "turn off5" to 
the material, reqarui»">> of Ihr urVit'rd 

objective of the material or of its inherent 
importance or training value. Therefore, care 
must be taken in constructing any operational 
training material to ensure that it accurately 
reflects the environment, contacts, procedures, 
tactics, and situations encountered in actual 
operation. This is normally best assured by a 
rigid and comprehensive validation process which 
consists of technical (does this exercise 
proceed as it was desiqned to?) and content 
(does it meet its stated learning objectives?) 
validations in conjunction with Navy subject 
matter experts. 

The second important factor is the 
administrative burden placed on the ship by 
implementing or integrating a formal onboard 
training program. It is our firm belief that 
any program imposed as an additional training 
requirement is instantly doomed to failure. 
Rather, the proqram should be developed to: 
replace some aspect of presently required 
training (conductinq an onboard attack team 
exercise in lieu of one attack trainer session); 
enhance training within an existing framework (a 
sonar team classification exercise in lieu of a 
divisional lecture on classification); support 
the watchstation qualification process 
(materials designed to prepare a trainee for 
performance of a practical factor); support ship 
qualification or advancement in rate; and 
support at-sea watchsection training without 
interrupting normal routine. 

i'ser feedback is another important 
aspect. If personnel in the Fleet dre  solicited 
for input and comments concerning the program or 
its materials, a much greater appreciation of 
its existence can be developed. In fact, 
incorporatinq Fleet comments and recommendations 
into the program can result in a "pride of 
authorship" situation which also promotes wider 
usaqe. Perhaps many would brush aside this 
factor as simply "stroking the egos" of the 
users, but in the long run it provides a program 
responsive to current Fleet needs, in a form and 
package suitable for (and conducive to use on 
board. We strongly recommended that any program 
designed for use on board include input from the 
user and provide a viable feedback process to 
make this happen. 

Navy Policy Toward Onboard Training 

Despite a stated strong commitment to 
onboard training by the Deputy Chiefs of Naval 
Operations (Setscarine and Surface Warfare), as 
yet there exists no Navy-wide or ship-type-wide 
policy addressinq it. Several factors are 
responsible for this. First is the relative 
newness of the concept itself--that is, training 
of at-sei forces usiig outside assets. Smce 
the establishment of the U.S. Navy, the concept 
that, the Cowandinq Officer is ultimately 
responsible for the training and readiness of 
his ship 'I<JS been a guiding principle. This is 
no less true today than it was two hundred years 
ago. But now, the systems at the disposal of 
the CO are much more complex, the enemy is 
equipped with comparable system,, the 
administrative burdens are  incressed 
dramatically, requirinq the CO tc have outside 
asr. ist ir.t1. ThU A«;<;iu Ance. in vhe form of 
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onboard training materials and programs, must be 
coordinated and well planned, and policy 
concerning this should be determined at the 
highest levels of the Navy. This plan must 
consider integration of existing formal school 
training, shore-based operational training, 
refresher training, and {.resent normal 
operational training exercises. Several type 
commanders have made admirable headway in 
developing such coordinated programs. Most 
notable are COMSUBPAC's PORT anü STBD program 
and COMSURFPAC's Combat System Training 
Architecture program which define cyclical 
training requirements for ships between 
overhauls. However, a Navy-wide program or 
policy should be estabished to ensure conformity 
and standardization. 

A second problem concerning onboard 
training policy is that there is no one single 
office within the Navy wnich is tasked to 
control or  coordinate the drei  of onboard 
training. Currently there is much confusion 
about who has cognizance over what aspect of 
onboard training (and trainers for that 
matter). Warfare cormanders, type commanders, 
NAVSEA, NAVAIR, NAVELZX, NTEC, CNET, and other 
Navy training commands — all of these have 
somewhat different perceptions uf what onboard 
training is and should be, and who is 
responsible for each aspect. A hiqh level 
determination of which organizations should 
exercise cognizance over the various aspects of 
onboard training should be made as part of an 
overall policy statement. 

The final policy-related problem to be 
discussed, one which is dear to the heart of 
every contractor engaged in onboard training 
program support, is that of funding. Funding 
wise, onboard training programs are true 
orphans. Presently, mor.t funds earmarked for 
onboard training are O&M, N which are verv 
short-lived and cut into the operating Budgets 
of the type commanders. In this era of major 
shipbuilding and weaoons procurement, stringent 
oversight and budgetary restraint, the first 
,unds ^o be cut will be from O&M, N monies. 
Therefo*e, type commanders dre  faced with the 
unenvieb^e choice of keeping their ships at spa 
by funding reeded maintenance, or providing 
additional training to upgrade and maintain 
personnel readiness. 

The perishability of this fundinq (with its 
one-year lifetime) presents problems to the Navv 
sponsor, as well as the contractor, in settinq 
up and maintaining a long-term, systematic 
program. As part of a desired Navy-wide policy, 
funding for development of lonq-term onboard 
traininq programs should be addressed, just as 
life cycle supply support is addressed in 
procurement of a new combat system. 

SUMMARY 

Onboard traininq, particularly onboard 
traininq which is supported long-term and is 
part of an overall Navy-wide aoproach to 
mainlining a high state of operational 
readiness, is a concept whce time has come. 
Although development of onboard training 
proqrams has been, and will continue to be, a 
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challenging anu often frustrating task, the 
ultimate rewards and satisfaction can be great-- 
both for the Navy and the training material 
developer. It has been one intent of this paper 
to show that all of these past, present, and 
future programs are evolutionary, solely because 
of the nature of the beast. And they will 
continue to change and improve as more 
experience is nained in this area. 

in conclusion, a list of thumbrules for the 
program or material developer is provided which, 
hopefully, can be of use to others embarking on 
onboard training program development. 

1. Don't underestimate the abilities of 
the audience. Today's sailor or soldier is 
intelligent, alert, and highly trainable. 

?. Don't anticipate the requirements of 
the user. Get down to the waterfront and 
find out for yourself. 

3. Enlist the participation and input of 
operating Navy personnel whenever possible. 

4. Don't bite off more than you can 
chew. Don't promise a panacea when you dr?. 
only delivering a Band-Aid. 

5. Likewise, don't deliver a body cast 
when a Band-Aid will do. 

6. Remember when you qo aboard a ship, 
that this is the sailor's home and he 
expects you to treat it as such. 

7. Don't be disappointed when someone 
doesn't think your materials are as good as 
you do. Someone, somewhere, can always do 
it better. 

H. Know the environment that your 
materials will be used in (on board the 
ship) and develop them so that they can be 
jsed there. 
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ABSTRACT 

4 The ship bridge/shiphandling simulator, with a large visual scene, is a relatively new 
development for the training of deck officers. The U.S. Coast Guard and U.S. Maritime 
Administration have jointly sponsored the Training and Licensing Project to investigate 
the role of the ship bridge/shiphandling simulator in the training and licensing of deck 
officers. A major product stemming from this multi-year research is a set of guidelines 
•ror the development of deck officer training systems. The guidelines address the 
simulator/trairing device, the training program, and the instructor. The guidelines dra 
intended for use by operational organizations to assist in determining the adequacy of 
available simulator-based training programs to fit their specific needs, and to assist in 
specifying training systems for procurement. The guidelines have a generic structure to 
address all levels of deck officer training. The specific content of the guidelines was 
initially developed to address masters-level training. The initial direct application of 
the guidelines, however, was for the design of a simulator for Maritime Academy cadet 
training. Each of these are briefly discussed. 

INTRODUCTION 

National and International concern regarding 
the safety or merchant vessels, crews, and 
cargoes has increased substantially in recent 
years. Th^s increasing concert, is occurring 
with the public, regulatory agencies, shipping 
companies and the general body of mariners 
themselves. As the productivity of shipping 
has increased over the years, so have the risks 
associated with shinning^ the difficulty of 
operations and the requisite level of mariner 
skill required, and also the potential damage 
and cost of accidents. Whereas the maximum 
size of ships afloat 50 years ago was 6000 dead 
weight tons (dwt), the larger ships float today 
exceed 500,000 dwt.(2l) The allowable margin 
of error in maneuvering a vessel has generally 
decreased as the vessel size increased; the 
amount of hazardous cargo carried h;s generally 
increased, particularly in the larger vessels 
(e.g., crude oil, liquified natural gas). As 
might be expected, the annual tonnage loss has 
also steadily increased. Whereas in 1962 about 
125 ships were lost, representing about £25,000 
gross tons, in 1977 slightly more than 200 
ships were lost representing more than 
1,200,000 gross tons.t'^' These increases 
represent substantial financial loss, )nd often 
catastrophic ^oss of life and damage to the 
environment. Several investigations into the 
cause of maritime accidents have indicated that 
as much as 80 percent of the contributory 
causes may be traceable to human 
performance. UM 13)^(22) jn addition, 
several other investigations have sought to 
delineate the specific aspects of human 
oerformance, as well as other factors, that ire 
prime contributors to maritime 
accidents. (18J,06) As a result of these 
factors, considerable emphasis has been placed 

by all segmjnts of the maritime industry on the 
improvement of mariner proficiency including 
better human factors design of the man-ship 
interface and improved training programs. 

The ship bridge/shiphandling simulator is a 
tool that has recently become available to 
assist in the improvement of deck officer 
training. The first shiphandling simulator, 
the Marine Research and Training Center of Port 
Revel near Grenoble, France, was built in 
1967. It consists of an eight acre lake with 
1:25 scale model ships in which v.wo trainees 
sit, and maneuver around the lake. The first 
electronic ship bridge/sMphandl ing simulator 
became operational in 19o8 at the Institute TNO 
for Mechanical Constructions in the 
Netherlands. The predominant difficulty in the 
development of the ship bridge/shiphandling 
simulator has been, and stir is, the visual 
scene technology. A large visual scene, of up 
to 360 degrees horizontal field of view is 
necessary in this type oi a simulator. A 
variety of approaches have been used to achieve 
a visual scene, with virtual'/ all simulators 
substantially differing in the technology used 
until the present time. More recently, 
computer generated imagery has emerged (i.e., 
within the past 5 years) as a staole technology 
for this type oi visual scene simulation. 
Several :imulators ire currently operational 
with computer generated imagery, while several 
others are in the pla.ming and construct ion 
Stages. Hence, the recent technological 
advances in simulation have resulted in a 
growing use and acceptance of the snip 
bridge/shiphandling simulator as a viable means 
for improving the proficiency of deck 
officers. The growing acceptance of this 
approach to training is underscored by recent 
national and international actions: 
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t The U.S. Port and Tanker Safety Act of 
1978 calls for the upgrading of deck 
officer skills, while specifically 
calling for the establishment of 
standards relating to "qualification 
for licenses by use of simulators for 
the practice or demonstration of 
marine oriented skills".''^> 

• The U.S. Coast Guard allowance of 
successful completion of a 
simulator-based training program to 
satisfy 40 percent of the pilot 
endorsement requirements for the Port 
of Valdez, Alaska. 

• The IMCO Convention on the Standards 
of Training and Watchkeeping H*J 
recognizes simulator-based training as 
a means of acquiring shiphandling 
skill for transitioning to a vessel 
with unfamiliar handling 
characteristics. 

• Europort Pilots have been undergoing 
simulator-based training periodically 
as a self-imposed requirement for 
practicing and improving their 
shiphandling skills. 

• Shipping companies have increasingly 
sought the use of simulator-based 
training programs for their deck 
officers. Labor unions, likewise, 
have recognized the potential of 
simuTator-based training and have 
acquired facilities to provide sucn 
training, as well as encouraged their 
members to utilize the facilities of 
training schools, 

Training and Licensing Project 

As a result of the growing concern about 
maritime safety and productivity, the emergence 
of acceptable ship bridge/shiphandling 
simulation technology, and the growing interest 
in simulator-based training for deck officers, 
the U.S. Coast Guard and U.S. Maritime 
Aoministration embarked on a joint 
Investigation of the role of the ship 
bridge/shiphandl ing simulator in the deck 
officers training and licensing process. Ihis 
multi year project (i.e., Training and 
Licensing Project) was conducted by the 
Computer Aided Operations Research Facility 
(CAORF) of the National Maritime Research 
Center. The project encompassed several phases 
which addressed simulator design and 
application issues, as well as tne range of 
deck officer licensing categories. 

The problems in the maritime industry relating 
to the design and use of simulator-based 
training dre similar to those encountered in 
other industries which draw on the use of 
complex electronic simulators. They ire (1) 
the covt/effective application of ship 
bridge/shiphandling simulator tor the training 
of deck officers (e.g., training objectives 
that can be effectively m*>t by such training); 
(?) the cost/effective design characteristics 
of tne simulator/training device and other 

parts of the training system (i.e., training 
program and instructor), and (3) the effective 
design characteristics of the training system 
with regard to obtaining some type of deck 
officer license credit. The Training and 
Licensing Project addressed these issues in a 
systematic manner, basing its investigation on 
the general systems approach to training (e.g., 
Instructional Systems Development (ISD).l'J 

The initial phase of the Training and Licensing 
Project (12) (1) developed the methodology to 
be used throughout the duration of the 
investigation, based on tailoring the systems 
approach to the particular needs of the 
Maritime Industry; (2) developed an extensive 
information base addressing deck officer 
behavior and training technology; and (3) 
identified research needs to adequately address 
the design and use of the ship 
bridge/shiphandling simulator in training. 

The second phase of the program conducted 
empirical research on the CAORF ship 
bridge/shiphandling simulator to investigate 
(1) the training effectiveness differences of 
alternative training system characteristic 
levels of fidelity (e.g., color versus black 
and white visual scene; compressed versus 
distributed practice; instructor differences); 
and (2) the training effectiveness of 
simulator-based training for master's level 
deck officer and for maritime academy cadets. 
A variety of findings were forthcoming from 
these empirical investigations.(yi, Ilu) 
These investigations address the application of 
simulator-based training, and the 
cost/effective design characteristics Tor 
achieving an effective training process. 

The third phase of the program was devoted to 
(1) the development of guidelines for master's 
level deck officer training systems, and (2) 
the design of a simulator/training device tor- 
cadet training drawing upou the extensive 
research conducted during the earlier two 
phases. Initially, the third phase was going 
to develop criteria for evaluating and 
approving simulator-based training facilities 
as meeting some minimum standards for licensing 
purposes. If credit were to be yiven towards 
some licensing requirement, the school would 
have .to be certified by a regulatory 
body.v-^ The Training and Licensing Project 
was to have developed training system 
acceptance criteria by which this evaluation 
could be accomplished. bince it was not 
feasible to make simulator-based training i 
part of the licensing structure at this Lime, 
it was decided to develop User Guidelines tor 
the design and use oi ship bridge/shiphandliny 
trainers rather than criteria for their 
evaluii. ion. 

The Guidelines for Ueek Officer Training 
Systems (') are the result oi tne earlier 
phases of research on the Ira ining and 
Licensing Project. Jhey are intended as J 

user's guide to the design and use oi the ship 
bridge/shiphand1ing simulator tor training deck 
officers. in narticirlar, the guidelines 
provide an overall structure tor the design ot 
the training s>stem characteristics keyed to 
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deck officer tasks. The guidelines were 
initially developed for the training of senior 
mariners (i.e., master's level deck officers), 
hence the specific details of guidance provided 
address the master's level. The guidelines 
identify deck officer tasks, indicate those 
tasks requiring training emphasis via analysis 
of the accident literature, identify critical 
simulator and training program characteristics, 
provide guidance regarding the use of three 
distinct levels of quality/fidelity for each 
characteristic in consonance with the 
objectives aid conditions of training and 
recommend a set of minimum level simulator and 
training program specifications for each of 
five major training modules. The training 
system elements addressed include the 
simulator/training device, training assistance 
technology to be included as part of the 
simulator/training device (e.g., feedback 
displays), training prugram characteristics 
(e.g., instructors guide), and instructor 
characteristics. The guide is intended for use 
by operational organizations to assist ii 
determining the adequacy of available 
simulator-based training programs to fit their 
specific needs, and to assist in specifying 
training systems for procurement. 

TRAINING SYSTEM GUIDELINES 

The guidelines for deck officer training 
systems were designed around a general purpose 
structure, tailored to the needs and resouces 
of the maritime industry, w'th specific content 
directed at the master-1-jvel mariner. The 
structure of the guideline; were based, as 
noted earlier, on the general systems approach 
to training which has been utilized in a 
variety of forms in the training/simulation 
industry over the past 20 years. Whereas the 
specific content of the guidelines addresses 
the1 masters-level mariner they can also be 
applied to the design and selection of training 
systems for other levels of deck officers. The 
example given later in this paper addresses the 
application of these guidelines and the actual 
design of a simulator-based training system for 
maritime academy cadets. 

The use of ship bridge/shiphandling simulators 
is growing rapidly, as noted above. Cach ot 
the approximately two dozen simulators in use 
world-wide differ substantially from every 
other simulator/training device. These 
differences generally focus on the visual 
scene, although they also pertain to other 
major characteristics such as the hydrodynamic 
equations of motion. As a result, each 
simulator has substantially different 
capabilities and limitations. Furthermore, 
simulation technology is improving rapidly 
making available new aoproache* to the design 
of simuTdtor/training device characteristics. 
The technology advances directly relate to the 
cost/effectiveness of simulator-based 
training. Although the maritime industry has 
had experience with simulator/training devices 
(i.e., part-task radar training devices), they 
have had little experience with the 
sophisticated and complex ship 
bridge/shiphandling simulators from a design 
and  applications  standpoint.   Hence,  the 

guidelines have been developed to be used by 
shipping companies, labor organizations, and 
mariners in general. The guidelines are not 
specifically intended for use by the simulator 
manufacturer/electrical engineer in the sense 
of providing detailed engineering design 
characteristics (e.g., number of pixels on the 
visual screen). Rather, they are aimed at the 
operational level mariner. They dre intended 
to give him guidance with regard to the 
characteristics that are relevant on the 
simulator, their need and application in 
training, and their expected capabilities and 
limitations. The guidelines translate 
operational functional requirements into their 
associated training system characteristics. 

The guidelines user (e.g., shipping company 
training specialist) woula use the information 
in the guidelines to (1) specifically detail 
his particular training needs, (2) compare his 
training needs with the capabilities and 
limitations of each alternative 
fidelity-quality level for each training system 
characteristic, and (3) arrive at a conclusion 
to specify the minimum or desired level 
required for each training system 
characteristic to achieve his particular 
training needs. This final step would result 
in a set of training system functional design 
characteristics with which he could evaluate 
different commercially available training 
system facilities for purchasing training time, 
or develop a specification for perspective 
bidders to develop an appropriate training 
system. 

The three major steps of the guidelines, which 
correlate with specific sections of the report, 
ire  briefly discussed below. 

Training Needs (Section fl) 

Training r.eeas are typically identified in the 
form of operator tasks or training objectives 
that are tc be achieved via the training 
program. These training objectives or tasks 
must be feasibly achievable via simulator-based 
training on a cost/effective basis. A specific 
set of masters-level deck officer training 
objectives (i.e., called Specific Functional 
Objectives)   that   ire ccst/effecti'ely 
achievable via simulator-based training were 
developed in the Phase 1 Investigation of the 
Training and Licensing Project. P<0 Many of 
the training objectives in this set can «*iso be 
achievable via other training media (e.g., 
at-sea training). The guidelines use--, 
therefore, would use this set of training 
objectives as the storting point for 
determining his specific subset of trainirj 
objectives. Of course, he may also add 
additional training objectives not in the 
developed set. 

To select the specific subset of training 
objectives that constitute the goals of a 
particular course, specific criteria taust be 
employed. Ihe license level of the trainees 
(e.g., master) is one such criterion. A second 
criterion is the type of training that will be 
provided, such as (1) upgrading to a higher 
license level (e.g., Mntt mate upgrading to 
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master); (2) training to handle a vessel 
substantially different than those in which the 
trainee has experience (e.g., transitioninq 
from a 30,000 dwt tanker to a 170.000 dwt 
tanker); and (3) refresher training (e.g., 
periodic retraining in emergency 
shiphandling). Usually, one of these three 
training types is specifically addressed in 
each training program. A third criterion is 
the relative importance o1 improving certain 
skills (i.e., addressing particular training 
objectives). The guidelines address these 
criteria in the form of recommendations based 
on analysis of marine accidents. 

The first two of the above criteria are 
relatively straight-forward, and readilv 
specified by the guideline user. To provide 
guidance with regard to the third criterion 
[i.e., training areas keyed to accident causal 
factors) seven major accident analyses were 
compiled to determine the m^or areas to 
receive training emphasis. Six major training 
are:s resulted: 

1. Navigation management training 
Pilot/master relationship 
Bridge    procedures    (e.g., 
established navigation position, 

monitor other vessel) 
Bridge organization (e.g., vessel 
manning) 

2. Snip-to-ship communications training 

3. Shiphandling  training  (e.g.,  safe 
speed, compensating for 

external forces) 

4. Emergency shiphandling training (e.g., 
power failure) 

5. Rules-of-the-road training 

6. Restricted waters navigation training 

If the regulatory bodies were to give credit 
toward a license for simulator-based training, 
sue li credit should be provided for training 
that addresses the above areas (i.e., accident 
relevant deck officer skills), rather than 
other possible areas of training (e.g., snip 
productivity). The deck officer skills that 
should be addressed under each o*" the six areas 
were j.ntified, to provide a greater depth of 
guidance. For example, the following is one of 
several sets of skills that should be addressed 
under Shiphandling Training: 

"The trainee should demonstrate proficiency in 
handling a specific type and size of vessel to 
stop or slow the vessel effectively under 
various conditions of wind, current, and water- 
depth when: 

• approaching  a  single  point 
mooring buoy 

• approaching a dock/pier 
• maneuvering to bring up a pi 
• maneuvering to bring up tugs 
t   anchoring" 

01 

Additional detail regarding other skills was 
provided under the Shiphandling training area, 
as well i^ under the other five areas. 
Guidance regarding the integration of the above 
three cr;teia is provided ir, Tat)te 1.  Fnis 

Hir,KlV IvrOPTAr.'T 
CM IFF 

TPAIM'lf ARfAS ArrOPPlNn ";■ TVPFS fT rPAH.I'n '■'<[' 
"ATT'WfTFP LFVFl LICFNSF 

UPGRADING TRANSITION REFRESHER 

H     HIGH   IMPORTANCE 
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table recommends those training areas (i.e., 
"H" equals high priority) that should be 
addressed according to the type of training 
(e.g., transition, refresher, upgrading) and 
the trainee level (e.g., masters-level). This 
table, therefore, recommends those training 
areas that should be addressed with regard to 
Uc guideline user supplied criteria (i.e., 
training type and trainee level). The 
guideline user would identify his training 
needs by entering the table with the training 
type and trainee level c« iteria, and receive 
guidance with regard to the training areas that 
shou^ be addressed. For example, transition 
training programs at the master's level should 
address Shiphandling (#3) and Emergency 
Shiphandling (#4) training areas. 

The guidelines themselves (5) provide more 
detailed information reg,»"ding each of the si», 
training areas. The guiatline user may also 
have other criteria to further delineate his 
training needs. In the example provided later 
addressing cadet training a set of training 
objectives were developed to identify those 
specific training needs that should be 
achievable via simulator-based training, at-sea 
training, and classroom training. This first 
step of the guidelines, therefore, provides the 
methodology for establishing training needs and 
also specific criterion information in nat 
regard. 

Training Sy_steg Characteristics (Section |2j 

The guidelines address the design and use of a 
deck officer shiphandling training system, 
rather than me ely a training device or 
simulator. The major parts of the training 
system dre: 

1. Training device -- typically viewed as 
the ship bridge/shiphandling 
simulator; but actually should consist 
of more than just the simulator, 
including feedback displays, 
performance indicators, and so on. 

?.  Training program -- consisting of   the 
detailed training course  curricul , 
support materials   (e.q.,   visual 
slides), instructors guide, and so on. 

3.   Instructor. 

Tradittonally, the training system emphasis has 
been on the design of fk-e simulator (i.e., the 

real-world fidelity characteristics — tht? 

training device). Recent research has 
indicated that the instructor is, perhaps, the 
most important elem*nt of the training 
system.v*/ This finding indicates that the 
non-simulator aspects of the training system 
^rv at least as important as the simulator with 
regard to achieving an effective training 
process. The training program and its 
associated support materials represent major 
tools used by the instructor in achieving an 
effect./e training process. 

Other researcn part cu!a-ly addressing the 
training device has indicated that "the 

training   device   is   more   than   a 

simulator".!7) Rather, the training device 
should consist of both simulation and training 
subsystems. The simulation subsystem consists 
of those fidelity characteristics attempting to 
duplicate real-world functioning. The training 
subsystem, on the other hand, provides a 
variety of capabilities to assist the 
instructor in conducting an effective training 
process. A variety of instructor support 
capabilities (e.g., automatic performance 
monitoring; generation of graphical feedback 
displays to illustrate aspects of performance) 
are readily and cheaply available on 
computer-based simulator/training devices. 
Research has indicated that these capabilities 
can have a substantial impact on the 
effectiveness of simulator-based 
training.(S) Hence, the cost/effective 
training device should include a simulation 
subsystem and a training subsystem, both of 
which should be tailored to the specific 
aspects of the training needs and the training 
situation on a cost/effectiveness basis. 

Specific guidance is provided for each of the 
major parts of the training system, including 
the simulation and training subsystems of the 
training device. Critical characteristics 
associated with each of the major parts of a 
simulator-based training system have been 
identified (Table 2). The major section of the 
guidelines addresses each of these critical 
characteristics, as to1lows: 

• An overview of each critical 
characteristic is provided, addressing 
available alternative technologies tor 
its achievement, and pertinent issues 
and considerations regarding each 
characteristic. 

• Three levels or fidelity/quality have 
been established for each critical 
characteristic. Specific guidance 
information is provided regarding the 
capabilities and limitation* of each 
level as pertains to the behaviors, 
conditions, and performance standard'.. 
associated urith training objectives. 

The information provided in the guidelines was 
derived from (1) empirical research finding» 
eminating from earlier phr.es of the Training 
and Licensing Research Program, JS well as 
other independent researcn efforts; and [2) 
evaluation« and judgements by operational and 
training experts. iome relative costing 
information is also included where pertinent. 
Specific cost information in *» set guidelines 
such as these, however, would likely be 
in-iccurate due to the rapidly chatging 
technology of tne simulation field. Rather, at 
the time of applying the guidelines specific 
costing information should be developed (see 
below with r«qtrc to the cadet training device 
des»gn application). 

A specific example of the format one content of 
Itw» guidelines for on* critical characteristic 
•i.e., simulator design chara« tr»rtstk, visual 
5cene, horizontal field of view) is provided in 
Append it A. This example is illustrative of 
the level of detail and type of information 
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TABLE 2. CRITICAL SIMULATOR-BASED 
TRAININGSYSTEM CHARACTERISTICS 

Simulator Design (Critical C11aracteristics) 

Visual Scene 

0 

Geographic Area 
Horizontal Field of View 
Vertical Field of View 
Time of Day 
Color Visual Scene 
Visual Scene Quality 

Radar Presentation 
Bridge Configuration 
Qwnship Characteristics and Dynamics 
Exercise Contrc1 

Traffic Vessel Control 
Training Assistance Technology 
Availability 

Training    Program Structure (Crit -r.al 
Characteristics) "" 

Skill Levels After Trai.-ing 
Skill Levels Prior to Training 
Training Objectives 
Training Techniques 
• knowledge of requirements 
• Positive guidance 
• Adaptive training 
• Post problem critique 
Instructor's Guide 
Classroom Support Material 
Simulator/Classroom Mix 
Training Program Duration 
Class S ze 
Scenario Design 
Number of Scenarios 
Stress 
Overlearnirg 

Instructor     Qualifications 
Characteristics) 

(Critical 

Mariner Credentials 
Instructor Credentials 
Subject Knowledge 
Instructor Skil's 
instructor Attitude 
Student Rapport 
Instructor Evaluation 

contained in this sect on of the guidelines. 
Information similar to tntt in Appendix A is 
provided for the other critical design 
characteristics of the simulator, the training 
program structure, and the instructor 
qualifications. As -night be expected, 
relatively little derailed objective 
information is available from the research 
literature regarding zny of the above training 
system parts. *he Training and Licensing 
•'reject *i concluded tnat the empirical data 
r» .ulting from the research on CAQKF Supports a 
niijhly structured subjective approach to the 
neslgti of the training system. This, in 
essence, supports the approach taken in these 
de>ign Guidelines, combining available 
objective data as baseline information, ti\^ 

using highly structured subjective evaluations 
to address the remaining necessary 
characteristic:*. Following this approach, 
considuable information has been developed in 
the guidelines regarding the simulator and the 
training program. Relatively little 
information, however, is provided in the 
guidelines for the instructor characteristics. 
This is due to a general lark of investigation 
regarding the qualities of an effective 
instructor. 

For  Master-Level  Mariners Recommendations 
(Section #3)" 

The generic part of the guidelines consists of 
the above two sections. The generic structure 
is complimented oy specific information content 
addressing the masters-level deck officer. The 
third and final section of the guidelines is 
not generic, as is the above two sections, but 
r/:her provides recommendations specific to the 
masters-level deck officer. The guide".ine user 
reeds are thus integrated with the training 
system characteristics guidance information to 
achieve a specific set of recommendations. The 
recommendations address the six training areas 
and the masters-level license; ihey do not, 
however, address the thre^ training tvpes. 
They could, of course, be further refined to 
address each of the training types (e.g., 
transition training). 

The recommendations provide a "Kecommenoed 
Level" and a "Minimum Level" associated with 
each of the critical training system 
characteristics, for each of the six training 
areas. Table 3 lists the Recommended -mo 
Minimum levels for the training system 
characteristics associated with the Emergency 
Shiphandling training ire^. if the guideline 
user was going to purchase a simulator-oased 
training program for emergency shiphandling 
training of master-level deck officers, he 
would go to this table to determine the 
requisite levels of critical training system 
characteristics. Several examples from laole 3 
die: 

t fhe recommended simulator visual scene 
horizontal field of view shou.'d be 
greater th*u j'C 2egre?s; the sj.nimum 
acceptable level would be ltU degrees 
tj ^40 jegrees ^note, tht se rtier to 
»pec ifk categories addresied in 
Section §i  of the guidelines). 

• The : "fining program jurat?on is 
recc .me ided as 3 days; this is jlso 
considered to be the mirimuw training 
program duration. 

• The training program class size is 
recommended as 3 students or less; 
however, up to o Students would be 
acceptable; greater than b students in 
a class would be unacceptable. 

• ' i% recommended that the instructor 
rinses* a pilot's license ur pilot 
indorsement; he should, as a minimum, 
have a masters license. 
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i i .np of J.ly 
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[xcrcis~ Con~rol 

Traffic \<ess•:l Control 

7raining Assistaoc~ Technology 

Ava i labi I tty 

Skill Level After Tr•ining 

Skill Level Before Trai,,ing 

Tr.Jining Objectives 

Training Techniques 
Knowledge of reQuirements 
Positive yuiJance 
~daptiv~ trairing 
Post problem critique 

Classroom Support Material 

Slrii!Jlator/Cl~ssroom flix 

Tr~inin~ Progr~"' Duration 

CLlss Size 

ScenJrio Design 

Number of Scenarios 

Stress 

Instructor 

Mariner Credential~ 

Instructor Credentials 

Subject Knowledge 

Instructor Skills 

[nstructor Attitude 

Student Rapport 

Instructor Evaluation 

~ E Cm·J:·!UW[ D L l VEL 

Ill: Restricted water 
!II: Greater than 24UO 
J!J: Greater than •150 
Ill: O.Jy/night 
il: flulti-colo•· 

ll: Low fidplity radar 

II: Full bridge 

!II: Special effects 

III: <nstructor exercise control 

Ill: I ndepe .•. ,nt 1 y maneuverab 1 e 

li: Feedbac~ display 

Jl: High availability 

I l: Direct Ski 11 improvement 

Ill: Simulator diagnostic evaluation 

Ill: Highly structured 

Various ~echniaues 
Various techniQu~s 

Jl: Group adJptive trdining 
Ill: Complete and immediate feedback 

Ill: Documented instructor's guide 

Ill: Advanced support media 

Ill: Prebriefing/simulator/post
briefing mix 

II: Days ( 24 hours) 

1: or less students 

Various levels 

III: Desired practice 

III: Progressive stress 

II: Desired overlearning 

Ill: Pilot's license/endorsement 

III: Instructor course 

II: Exhaustive knowledge 

III.: Outstanding 

III: Enthusiastic 

II: Respected 

r: Continuing 
I I: Diagnostic 
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ll: Coastal 
J I: 1200 to (4L!O 
!!: +100 to +15') 

J: Day only-
!: Black and white 

I: No radar 

I: Reduced brldg~ 

J I: Shallow wHer 

I: Exercise selection 

I: Canned traffic 

NONE 

II: High availability 

Jl: Direct skill improvement 

I: No diagnostic evaluation 

II: Moderately structured 

Various techniques 
Various techniques 

1: No adaptive training 
I I: Irrrned i ate feedback 

J I: Undocumented i nstr•Jctor' s 
guide 

I: Basic support material 

II: ~imulator/postbriefing mix 

II: 3 Days (24 hours) 

II: 6 or less students 

Various levels 

II: Moderate practice 

Ill: Progressive stress 

I: No overlearning 

II: Master license 

1: Educational ce~tificate 

1: Satisfactory knowledge 

1: Marginal 

I: Reserved 

I: Competent 

I: Cent inu lng 
II: Diagnostic 

~ 



The recommended and minimum levels associated 
with each of the critical training system 
characteristics are the titles pertaining to 
the alternative levels of fidelity/quality for 
each of the respective characteristics (Section 
#2). Note that the general ranking of the 
alternative levels are also indicated (i.e., I 
lowest - III highest). The guideline user 
would obviously refer to Section i*2 when using 
this table of recommendation. 

Guideline Summary 

The guidelines for deck officer training 
systems has three major Darts: (1) training 
needs, (2} training system characteristics, and 
(3) pecific recommendations for masters-level 
deck officers. The structure of the 
guidelines, represented by the first two 
sections, is generic and is applicable to 
v-rious levels of deck officers, types of 
training, and training objectives. The content 
cf these sections of the guidelines are 
specific to the masters-level deck officer, 
although they do generally apply to other 
levels of deck officers. The third section of 
the guidelines represents the integration of 
fhe first two sections pertaining specifically 
to the masters- level de~k officer; it is hence 
not generic. 

The remainder of this paper discusses an 
example of the application of these guidelines 
to the design of a simulator-based training 
device. The particular training uevice 
designed was net for masters-level training, as 
■ire the above examples. R?the>, it was for 
cadet-level training. Hence» the general 
structure of the guidelines was used, although 
the specific content had to be developed and 
tailoreJ -or the cadet-level training. 

APPLICATION UP TRAINING SYSTEM DESIGN GUIDELINES 

Background 

In 1980 thi> Maritime Administration, realizing 
the potential benefits of simulator training 
within the maritime cadet curriculum, directed 
CAQRr to develop (1) a functional specification 
for a maritime academy ship bndge/shiphandl ing 
simulator and (2) training program 
recommendations for the proper integration of 
such simulator training into the maritime 
academy program. This developmental work was 
conducted as part of the Training and Licensing 
Project. It orew heavily on the '"Guidelines 
for Deck Officer Training Systems" and 
represents the first practical application of 
the guidelines. It shoulf be noted that 
simulator-based training is not an unfamiliar 
training medium for the academies since all 
have r<ilM~ simulators and some have cargo 
handling simulators. However, none of the six 
academies nave a full mission ship 
bridge/shiphandling simulator, nor do they have 
..xperience with the operaticr. of this 
potentially powerful training device which may 
be many times as complex <is the nonnal rad.^r 
simu1ator. 

The approach taken to achieve these objectives 

was consistent with the overall approach and 

findings throughout the Training and Licensing 
Project, which base the design and utilization 
of a training device on the specific soils to 
be achieved. The analysis specifically 
addressed the full-mission ship 
bridge/shiphandling simulator. Although other 
training media were considered with regard to 
achievement of the identified training 
objectives, the resultant characteristics were 
determined only for the shir.) 
bridge/shiphandling simulator. The specific 
approach taken involved the following 
sequential steps: 

1. Identification of Maritime Cadet 
Training Objectives. Ä listing of specific 
marit'i .ie cadet training objectives were 
identified, based on third mate watchstanding 
tasks along with the skill and knowledge 
requirements for proficiently performing these 
tasks. It should be noted that these represent 
the desired skills and knowledge of a new third 
mate upon graduation from a maritime academy 
and entry into the merchant marine, for 
watchstanding tasks only. The training and 
education provided b~y the various maritime 
academies is obviously much broader than those 
identified for this analysis of snip 
bridge/shiphandling simulator-based training. 
The deveSoped training objectives formed the 
behavioral data base of training needs. 

2. Analysis ot Maritime Cadet Training 
Object ives. The identified cadet training 
objectives were tnen allocated to various 
training media available for maritime cadtt 
training (i.e., classroom, small vessel, at-sea 
training ship, or simulator). Those training 
objectives which were identified as being 
achieved best via simulator and were of highest 
priority were designated as the goals of trie 
simulator-based training system design process. 

3. Establ ishinent of Simulator Ftjnctional 
Requirements. PrimaHly using the information 
contained fr the "uuidelines for Deck Officer 
Training Systems", the functional requirements 
for a maritime cadet simulator were developed 
to meet the identified training oojectives. 
Appropriate consideration was given to both the 
cost and benefits associated with the various 
levels of each simulator characteristic (e.g., 
time of day: day vs night). 

4. Development of Training Program 
Recommendations. Once the functional 
requirements for the cadet simulator were 
established, recommendations for the 
integration of this type of training into the 
academics' training programs, and the 
qualifications for the instructor, were 
developed. These recommendations were also 
b-sed primarily on the information contained in 
the "Guidelines for Uec< Officer Training 
Systems". 

Th above four steps follow directly from tne 
guidelines. Whereas the training neeas in the 
guidelines were developed from masters-level 
training objectives and an analysis of shipping 
accidents, Lose for cadets were based on an 
independent analysis. The specific guidance 

information in the guidelines was used heavily 
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sirK- it is generic. The guideline 
recommendations (e.g., Table 3) were generally 
not used since they are specific to the 
master's level. Rather, independent 
recommendations were arrived at specific to the 
cadet-level. The remainder of this paper 
addresses the findings and recommendations for 
the cadet ship briage/shiphand "ling 
simulator-based training. 

General Findings 

The majority of the identified cadet training 
objectives can be trained at sea, although this 
may not be the most cost effective training 
medium for many of the desired skills. Many of 
the cadet training objectives can be 
effectively taught only at sea, while others 
are best t*ai ed at sea although other media 
would also be effective Finally, a subset of 
the training objectives were found to be 
best-trained via a ship bridge/shiphandling 
simulator. These judgements were arrived at on 
the basis of the simulator capabilities and 
limitations provided in the guidelines, and the 
judgements of mariner and training experts. 
Note that cost was not a detailed consideration 
at this stage of analysis, but was brought in 
later when trade-offs were made regarding 
alternative fidelity levels of simulator 
characteristics. 

Recommendations For Simulator Characteristics 

Fourteen critical characteristics were 
identified for the functional design of a 
maritime cadet ship bridge/shiphandling 
training device. A specific level for each of 
these cnaracteristics has been recommended as a 
minimum for meeting the needs of cadet 
training, on the basis of their cost and 
training effectiveness. A brief explanation 
and rationale summary for selection of each 
level of these critical characteristics 
follows. Considerably more rationale and 
descriptive information on these functional 
simulator characteristics is contained in the 
project report.(6) (Note that the relative 
cost factors given below ar.i associated with 
particular training device subsystems, not the 
overall device cost. 

• Visual scene time of day — Night -- much 
of tFie requisite cadet training could be 
achieved under either night or day 
conditions; the night capability is 
estimated to cost about 2.5 times less than 
the day/night capability; the academies 
have a limited amount of time available, 
and n'ghttime is the more dirficult 
condition. 

it Visual scene geographic area -- Coastal -- 
TFe majority of highly critical 
simulator-best training objectives for 
cadets do not require shiphandling skill in 
restricted waters; cost is substantially 
less fo' coaxal (i.e., about 40 percent 
less). 

t  Visual scene horizontal fi.ld 
Degrees  ~  adequate" 

of view -- 

sufficient number of training exercises is 
necessary to e is re proper development and 
generalizability of the associated visual 
position-fixing skills; will ccver all the 
critical meeting and fine crossing 
situations called for by training 
objectives; and is necessary for coastal 
navigation/pi luting ikills. 

Visual scene vertical _____ _    _ _     field of view -- _0 
Degrees --" several critical training 
objectives require a moderate verticil 
Tield of view to handle close-in traffic 
vessels; a large vertical field of view is 
unnecessary in a nighttime situation since 
the upper and lower bounded edges would be 
unnoticeable. 

Visual scene    coior 
"visual 

--    Multicolor    --    a 
scene      should      have nignt-only 

multicolor; research indications are that 
color is desirable for nigh workloads; the 
additional cost fcr multicolor under 
nighttime conditions may not be substantial. 

Visual scene quality -- Moderate Quality -- 
this characteristic depends upon the 
interaction of many parameters, each of 
which could \iary widely and oe acceptaDle 
depending upon the level of the other 
interacting parameters (e.g., brightness 
and contrast ratio); the complexity of the 
visual scene, the large number of relevant 
parameters, and the lack of definitive 
research information precludes detailec. 
specification at this time; rather, 
specific proposed visual scenes sno_ld be 
evaluated for their quality at the time of 
proposal evaluation; guidance principles 
for evaluating visual scene quality are 
included in the project report. 

Raaar presentation -- Low Fidelity -- the 
acceptable Töw fidelity raoar would be a 
real-time updated picture generated by a 
general purpose computer-display system, 
with the display located in the wheelhouse 
in place of a commercial!., available radar 
unit; low fidelity radar presentation would 
be satisfactory for achievement of nearly 
all highly critical training objectives; 
high fidelity rador would require a nearly 
four-fold increment in cost; the academies 
have high fidelity raoar simulators 
presently for part-task training. 

Bridge configuration -- Full Bridge -- the 
full bridge would consist of a normal pilot 
house layout with appropriate equipment ano 
instruments; adequate bridge size is 
required to handle the anticipated bridge 
team; a reauced bridge size may result in 
irregular third mate behavior due to an 

pilothouse layout; detailed 
requirements   for   bridge 

are    contained in the project 

abnormal 
functiona I 
equipment 
report. 

JW 
separation of geographic 

horizontal 
bjects across a 

Qwnship characteristics and dynamics -•• 
Deep Water -- deep water is sufficient for 
training the majority of the highly 
critical training objectives; the 
additional cost for shallow water effects 
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does not. appear warranted in view of the 
minimal training objectives gained; 
additional hydrodynamic requirements are 
specified in the project report. 

Exercise control --  Instructor Exercise 
- this level enables shipboard 

and other conditions  (e.g., 
to  be  controlled  in 
an  instructor/operator 

Control 
casualties 
wind,  current) 
real-time  from 
console, rather than have all aspects of 
the   problem   always   preprogrammed; 
substantial*y greater training flexibility 
at a relatively small increase in cost. 

• Traffic vessel control -- Independently 
Maneuverable Traffic — necessary for 
interaction between ownship and traffic 
vessels, particularly intership 
communications (e.g., radiotelephone); this 
woulJ be a very minor increase in cost 
above the lower fidelity levels for this 
characteristic in several simulation 
technologies. 

• Training assistance technology -- Remote 
Monitoring -- displays and readouts placed 
in a classroom to enable a croup of 
students to monitor and discuss the 
scenario situation and cv.tivities of the 
bridge team while the problem is in 
progress; would enable the simultaneous 
training of multiple bridge teams; research 
has shown this to be a highly desirable 
capability.(4) 

• Training assistance technology -- Feedback 
Displays ~ i display located in the 
classroom presenting detailed information 
concerning the just completed simulator 
exercise; enables a variety of 
training/investigative activities to take 
place in the classroom; research has shown 
this to greatly increase the 
cost-effectiveness of training.(8) 

• Avai lability -- the simulator design goal 
is for operational training to be conducted 
thirty hours per wee« with 95 percent 
availability; an additional 10 hours per 
week was allottee' to maintenance time; 
vendor support of the simulator was 
recommended with assistance from an acadery 
staff technician. 

Training Device Cost 

To estimate the likely cadet training device 
costs, the developed functional requirements 
were reviewed by several individuals who were 
recognized as knowledgeable in simulator 
design. Based on their input the following 
cost estimates were developed for the 
recommended training device. 

• Initial System Procurement 

lowest possible cost = $1.5M 
Highest possible cost = $3.5M 
Most Likely cost     = J2.7M 

• Annual Operating/Maintenance 

Lowest possible cost = $180K 
Highest possible cost = J32ÜK 
Most Likely cost     = $220K 

The above figures are provided in 1982 
dollars. They assume that a suitable 
building exists at the specific maritime 
academy to house the simulator facility. 
They also assume that the single instructor 
required for training/system operation and 
the single technician required for 
maintenance will be obtained from the 
academy's staff. 

Training Program Recommendations 

Training program recommendations were made 
to assist in the integration of a ship 
bridge/shiphandling simlator-based training 
program into the academies' curricula. It 
is essential that the training device is 
accompanied by appropriate supporting 
training materials, guidance information 
concerning its i'Se, and application 
assistance when provided to the academies. 
In order to establish a common basis tor 
the effective integration of 
simulator-based training into the maritime 
academy curriculum, the curricula of the 
state academies were compared. As a result 
of thi., corpirison a number of observations 
were ijiaue which form the basis for the 
training program recommendations contained 
in the project repurt. The following is a 
summary of these observations: 

• Each of the state maritime academies 
appear to have four distinct training 
periods within their curricula. These 
training periods are: 

From academy entry to first et-sea 
period 
From   tirst   at-sea   period   to   second 
at-sea period 
From second at-sea period to third 
at-sea period 
From  third  at-sea  period  to 
graduation 

• Each academy offers a radar observer 
course utilizing its radar simulator 
training facility. This course is 
usually given in the junior (2nd class) 
yeart although one academy offers the 
course to seniors (1st class). 

t Several academies have indicated concern 
relating to the integration of 
additional simulator training into the 
already intensive cadet schedule. 

After careful consideration of the 
similarities identified above and with due 
respect for the individual state academy's 
ability to determine the proper means of 
integrating ship bridge/shiphandling 
simulator training into their own 
curriculum, appropriate recommendations 
were made. The following ,s a summary of 
the training program recommendations 
contained in the project report. 

342 

M^i _■«— 



The academies should consider grouping 
the training objectives previously 
identified into four training modules 
which are described in the project 
report. 

Module #1: Basic 
Watchstanding...prior to 
first at-sea period 

- Module #2: Coastal 
Navigation...prior to 
second at-sea period 

Module #3: Collision 
Avoidance...after radar 
simulator course, prior 
to third at-sea period 

Module #4: Advanced 
Watchstanding...prior to 
graduation 

Each training module should consist of a 
series of simulator exercise periods, 
each approximately 3 hours in duration. 
The individual academy staff should have 
the option to either (a) integrate these 
simulator exercise periods into the 
existing course as laboratory periods or 
(b) provide all the simulator exercise 
periods with each training module as a 
new course. 

The simulator training should be related 
to tne type^> uf tasks that the cadet 
will be performing during the next 
at-sea period. For example, Module #1 
should precede the first at-sea training 
period. 

A carefully structured training program 
should be employed for maritime cadet 
training. Tne project report provides 
appropriate guidance for the following 
critical training program 
characteristics as specifically applied 
for cadet training: 

Training Objectives 
Training Techniques 
Instructor's Guide 
Classroom Support Materials 
Simulator/Classroom Mix 
Training Program Duration 

- Class Size 
Scenario Design 

The instructor is extremely critical for 
affective training. The project report 
lists and discusses the following 
critical instructor 
qualifications/characteristics to assist 
in the proper selection and preparation 
of maritime cadet instructors: 

Mariner Credentials 
Instructor Credentials 
Nautical Science Knowledge 
Instructor Skills 
Instructur Attitude 
Studt it Rapport 
Instructor Training 
Number of Instructors 
Instructor Evaluation 

SUMMARY 

The availability of simulation technology 
and the use of ship bridge/shiphandling 
simulators for the training of merchant 
marine deck officers has rapidly taken 
place during the past decade. This has 
evolved tö fill a need created by 
world-wide increase in shipping, shipping 
casualties, and the consequences of these 
accidents. The Training and Licensing 
Project was initiated by the U.S. Coast 
Guard and U.S. Maritime Administration to 
define the role of the ship 
bridge/shiphandling simulator in the deck 
officer Training and Licensing process. A 
major product eminating from this 
multi-year project, culminating a 
substantial amount of research, is a set of 
guidelines for the design of deck officer 
training systems. These guidelines are 
dimed specifically at tne user of 
simulator-based training in the maritime 
industry (e.g., shipping company, labor 
organization). The guidelines are written 
at a level to be used by individuals making 
major decisions regarding the use of 
?imulator-besed training programs, who are 
often not familiar with the engineering and 
training technologies associated with 
simulator-based training systems, and who 
dre concerned with the achievement of 
operational training goals. The guid-lines 
provide a generic structure that is 
applicable across various deck officer 
license levels, training types (e.g., 
transition, refresher, upgrading) and other 
necessary criteria established by the 
user. The guidelines establish specific 
training needs. In the context of the 
masters-level deck officer for which the 
guidelines were initially developed, the 
training needs a»e based on (1) training 
objectives amenable to simulator-based 
training, and (2) high priority areas of 
human performance as determined from 
analysis of shipping accidents. The three 
major parts of the training system are 
addressed, including (1) the training 
device, consisting ot a simulator and other 
instructional aids; (2) the training 
program, and (3) the instructor. Critical 
characteristics are identified for each of 
these training system parts; three levels 
of fidelity or quality are identified for 
each of the characteristics. buiJance 
information regarding the available design 
technologies, their capabilities ano 
limitations, and other issues are provided 
concerning each of the alternative 
fidelity/quality levels for each training 
system characteristics. Finally, a se* or 
specific recommendations are nicie for the 
design of a training system to meet masters 
level training; these dr^ specified in 
tern-s of a recommended level and a minimum 
acceptable level for each training system 
characteristic; the" training system 
characteristics are further recommended 
separately for each of the six major areas 
of training. 
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An applied exasnple of the application of 
the guidelines is discussed. This 
application was devoted to the development 
of a functional specification tor a ship 
bHdge/shiphandling simulator for the 
training of maritime academy cadets. This 
initial application of the guide-lines 
addresses not only the design 
characteristics of the training device, but. 
also the development of guidance material 
for use by the maritimp academies f'?r 
integration of the sirr«ilator~based training 
into their curriculum, and for the 
development of an effective training 
program to support the simulator-based 
training. 

APPENDIX A. EXAMPLE GUIDELINES CONTENT FOR 
SIMULATOR DESIGN CRITICAL CHARACTERISTIC, 
VISUAL SCENE, HORIZONTAL FIELD OF VIEW 

Horizontal Field of View 

The horizontal field of view required for a 
shiphanoling/navigaticn simulator should 
depend on the specific objectives of the 
training program. If the visual cues 
required to execute a particular 
shiphandling maneuver are within a 
relatively narrow field of view, such as 
when training the skill of utilizing range 
lights, a reduced field of view is 
satisfactory and may even be preferable 
since it artificially focuses the trainee's 
attention on the required visual cue:. 
However, prudent training practice would 
indicate that the student should then be 
trained in utilizing this skill under 
conditions with operational noise and 
distractions; tor example, identifying the 
range ligh.s and concentrating on them 
amonc the background lights and distracting 
traffic vessel movement. This type of 
trailing could then imply a requirement for 
greater horizontal field of view than that 
identified for the development of the basic 
skill. Consideration should also be given 
to the utilization of a variable horizontal 
field of view in order to gain the training 
leverage discussed above. 

The cost of a ship bririge/Shiphandllug 
simulator increases as the horizontal field 
of view increases. This increase in cost 
results not only from increased projection 
equipment costs but also from increased 
processing hardware and software ^osts. 
Th i s is particularly true tor 
computer-generated graphic systems. 

Level I: Greater than 90°, less than 
1?IF: [is.- of this horizon! al field of 
view may be satisfactory for training .3 
limited number of specific s'nphandling 
skills (e.g., range lights, buuyed 
channels). It my also be satisfactory for 
training the application of the rules uf 
the road in meeting and fine crossing 
situations. However, if it is employed in 
broader crossing situations cr overtaking 

situations whore visual con'.act is lust 
with the traffic vessel, there :tiay be a 

danger  that  the  trainees will  have  a 

tendency to neglect visual bearings and 
rely heavily on radar in these types of 
scenarios. A horizontal fie?d of view of 
less than 1?0 degrees is generally 
unacceptable for training skills that 
involve visual position fixing sir,:e 
adequate horizontal angular separation of 
suitable geographic points suitable for a 
visual fix can not be obtained except for 
possibly a few unique cases. In this same 
light, such a limited horizontal field of 
view also precludes the development of 
skills in the use of turn bearings. There 
may, however, be some training value for a 
horizontal field of view of less than 1^0 
degrees in the development of skills 
involving the integration of visual lines 
of position with rdddr information or other 
electronic navigation information, although 
the trainee may be inadvertently trained to 
neglect the more advantageous objects abeam 
for visual bearings. 

Level II: Greater than 1^0U less 
than 240u. Use oT this horizontal field 
o? view appears appropriate "or the 
majority of the desired skills categories 
identified earlier. It may, however, be 
limited if visual bearings abaft + 120 
degrees relative are importjnt for 
navigation in a particular port. in 
addition, the application of the rule'., of 
the road in an overtaking situation is also 
constrained, although only for the 
situation when ownship is being overtaken 
and not when ownship is doing the 
overtaking. This situation, however, is 
somewhat; unique and not particularly 
difficult (i.e., requiring specific 
training) since it usually involves a 
relatively slow closing rate which allows 
substantial time for analysis and action. 

Level III: Greater than .,..40 >. use of 
a horizontal field of view of this 
magnitude m., be appropriate it the 
development u* skills involving the 
following fac r$ <ire deemed to be 
important: 

• Vessel with pilothouse forward 
(i.e., orp  carriers) 

• use ot rvir  ranges 

fl use ot visual bearings abatt ♦ L 0 
degrees relative (e.g., specific 
port requirement) 

It should be noted that many ot the visual 
scene generating technologies have the 
capability, particularly it considered 
during the ?tii t ic., design, ot 
optically/electronically rots ting the fixed 
visual scene to provide visu.il cues in 
are i< not normally considered possible with 
that design. For example, Mgyrt- J 
illustrates .j . 4ou horuontal tie Id ot 
view providing i visual scene from Ju 
degrees left ot ownshtp's heading to JU 

degrees beyond uead astern. This may t>e 
particularly  desirable  turinq  coostwise 

navigation exercises to facilitate the use 
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of visual bearings, or when approaching and 
picking up a tow. This flexibility with 
the simulated visual scene should be used 
cautiously since it alters the bridge 
environment's proper orientation with the 
visual scene (i.e., front of pilothouse 
faces side of vessel). The impact of this 
effect on the training provided is unknown. 

6. Gynther, J. W., T. J. Hammel 1, J. A. 
Grasso, and V. M. Pittsley. "Simulators 
for Mariner Training and Licensing: 
Functional Specification and Training 
Program Guidelines for a Maritime Cadet 
Simulator, Draft Technical Report". 
National Maritime Research Center, Kings 
Point, New York, 1982. 
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NORMAL MODIFIED 

Finure 1. Rotation of Visual Scene 
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ABSTRACT 

____ ::C:omputt•r Aided Instruction and Comr,utcr NanagecJ Instruction (CAI/011) provide train;n,~ 
systems with a wide assortml'nt of capabilities. These capabilities ronge from simply recorcJ-
ing a studPnt's progress to eliminating the neccJ for a full time instructor. This pnper 
cxplninl; the methodology used to detL•rmine the amount of CAI/C~!I necessary to support the 
needs of till' ust~r. It ulso discusses the mnrwr.t·mcnt of the i,tternction nnd coordination of 
the CAl/CrlJ design with other trniner design el,•nlt'o:Ls. The NTDS Loborntory Trainer - Device 
20Fl7 is referrpJ to as a quantitative example of managing CAI/Cr!l dt•V••lopm<'nt. ln tho• 
dc:\elopmcnt of o,,vice 20Fl7, the courseware developer's involvemc>nt allowed fur the early 
ck•fini t ~on o[. tlw amount of CAI/CHI. needed and the degree of automntion req~i

1
red This 

t1mc•ly 1nput tn the proposal phas(' 1nfluenced the hardware nnd software destg ccommo-
date lhL; CAt/C~ll nec•ds, thus minimizing the cost of including these features. 

INTRODUCTION olt"ers inclividunlizl'ci instruction to ,1 Rtude>nt 

t\s t"lH· so 1>histic:ntic'n ol tr:tining tnsks h:ts 
incn~.1scd, tl1\.~ nL~Cc'ss i.ty fL,r gre~ttt•r involvcmL~nt 

t)l.· tile• co~ltputL·r as un ~1ssi.st.:1nt to till"" instruc-
tur has likL~\.Jisl' incrcas~._•d. Sin~c many tasks 
L:~111not GL· t~ugl1t SLllely i11 .:1 cl~t!;sroom cnviron
nk~nl, C~o."lmputer b:1svd tr:tinin~:. systt~ms have proven 

~I"'Y c:111 signifivantly impr<W(' till' qu.1lity of 
lcarni.nl',. 

The ClHnputl'r h.:1s nlHo hccn used to promotP 
tl"' c;q>:~blliLi<'H t>l tile lilbor:tt<H"Y instructor. 
Mnny sKills :~re difficult to explain in the lab
nrntory by .:-111 instructor; .:1 computer b.1s~d sys-
t('lll c~tn dt·monstt~~ltC' these for him. The computer 
,;,lll also ;r,;sist the Ltbonttnry i.nstructor in 
cv~Jlun!::it~n oi student pt'rformnnce, thus improv
ltl)! l1is !'rUlllJctivity. 

\vitll Ll"' ri"'' '" Ct>mp<ll<'l" 1\idc•d lnfitruction 
tltere h;tt; h':c·n n [r.'.1gmt•nt(•d .:-lppt·onch t:o t~plQmen
tatiLH1 lllt!thodology. C.'.[ h:ttt been implemented in 
m:tny t.rnin.ing device}: 1 JVer the pn~;t few years to 
\'ary lng degrees and wi ~!J v.:1l·ying sueccss. In 
m:tny cosrs the implementations h:tvc not met the 
prccnnccived goals. In other c:tscs the costs 
lwve been f•1r abo•;c original estimates. However, 
in son.e si.tuncionH th·~ CAl hns been properly 
ittlplernctlteJ for .::1 t'CnHonnGle coHt. 

Thi.<o p:1per will attemrt to define n method
olo!:Y to guide th,, CAl implt•m<'ntntion decision. 

llEF!NlTTON 

C01nputer Aid<•cl Instruction (CAl)' is n tool 
or >Jlr:lt<'gy UAed to teach cognltiV<' nnd psyci•O-
motor cor::petencies. A CAl trnining Hystcm 
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without having nn instructor present at nll times. 
CA! is sometimE's re>f<"rrecl to as Computpr ll:rsE'd 
Instruction (CIJT) nnd rnay h.; dividPd into two 
categori.-s: Compull't" Aided Instruction (CAT) and 
Cc•mputPr ~l:mnged Instruction (CI·:I), 

CAI includes the obi lity to ger,ernt<' n 
l<!nrning environment, provide instruction, and 
nllow practice sesHions. Th<' C<lp:tbilities de
rived from CAI include simulation, stimulntion, 
cues, prompts, and feedb:tck. 

For the purpor.es of this paper it is appro
priate to divide CAl into intrinsic and cxtrin~ic 
cap~bilities. Intrinsic capabilities nrc those 
skills that a trainee would receive from operat
inll simuln~C'd nnd/or stimulQted e<1tdptn<'nt. Com
puter aimulntinn !H cnpnble of generating o 
learning or op0rationnl environment. Sinwlntion 
is consicJPrcd to hove moder.:ttc training r<'alism, 
is cost effective, and is easily implemented. 
Stimulnti.on uses operational equipment which prt)-
vicJes a higher degree of training rrnlism, The 
increased fidelity typically require>~ :tigher 
ncquisition cost and crPntl's a more difficult 
implementation. Stimulation has an ndditionnl 
nc.lv:tntn~e in thnt it uses uctuol equipment with 
operational software and can easily be upgrnded. 

Extrinsi.c capabilities add to n learning 
environment by offering knowledge o[ results, It 
includes cues, prompts, and feedback. Cues and 
prompts guide the student loWl!Td errorless lt'arn
ing while fl'edback allows the student to ~.earn 
from his mil•tnkcn. Extrinsic ct<ell 1 prompt8

1 
and 

fecdbnck should be replnccd by intrinsic feedback 
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i 

' I 

J 
I 

I 
I 



;u:aiiiiifMi' pu:;:;;:;f'::Ui:V:t;:,,r:t:J'it~·'i:t;,~;',WP'_,I>$3<J$J'f_~~~:J·~·.::C!.tf·.:. f" ~~r-'.: 

=···-.: .. , '' ""·' ~ .. ,--..· ·~~~'l;~-~ ,";Oj;~!··~'··.>t-r.t;""l%t:~~·. · ¥:,.:':. ~.t ~ .. ~~?'?~i~;;,:~•.;;:~~;~.~-r··:· .... l;,· \1r;~>'.'"'.f.\-~~ '"f>f~r . ~\ 

~ts proficicr1cy incrcns~s. 

CCII dnt•s tile busy work fc>r the instructor. 
lt 11ll01~S lll<Hc• time for the instructor to help 
th~ studt•nt ,:Pvclop dL·~irl•d technifjues. It nlso 
has the potc•nt inl tu dL'Cn•nse the number of in
structors rt'quired. C~fi includes computt'r aided 
grading, rccorJ keeping, and exercise control. 

Computer aid,•d grading, or aulom,•tl•d per
fc,rmnnce !1\ellsurement, is a c~n function that 
provid0s a means to grade tl1e trnine~ actions 
obj~ctively. Instruction hosed on test samples 
ca11 modi ty tlw learning path according to the 
specific training methods <'mployed. For ex,1mple,,
three such training methods are Linear, Intrinsic 
llt'Dnch ing, nnd ~!nthet ics. The Lincor Hethod ( l), 
d0vcloped by R.F. Skinner, provides sequ~nced 
instruction in small steps where the student i~ 
trait.led. to rcspot:d to .:1 giv·.~..r) stimulus. The 
lntnns1c Brancl>1ng ~lethod (. , <k·veloped ~,_.. N.A. 
Crrlwdcr, allows for student mist:tkes and adjust~ 
the instruction to the lenrner's needs. The 
c!arhetics ~lethod (3), d<•veloped by T. Gilbert, is 
a m<!thodicnl 3ppronch thnt rroperly nrrnngcs key 
points ro ensur.c lenrning. 

Comrutt'r ;Jided rec0rd kt•eping can be usC'd 
to track students through .:111 entire school cur
riculum or iust for nn indi.vidu:tl sesRion. A 
by-proUuct ~f cnmputl~r aided r~cord keeping is 
tl~e cst.Jblishment of train0t:> historical dnta. 

,\s :111 exercise controll~r, C~1I can gener;lte 
till~ in it i ::1 l)nvi ronmt'nt.1l condi t inns, control 
t.'.:H:h l'Xl't·cise ('Vent, or ~Hl)' combination in bc
tt"cen. The• computt'r can mannge .:111 entire train
ing '-'t's~~it"l wht"'re each L'Xt~rcisL~ event i~ control
t~·d by the Ctll ~i)'~lt'nl \lr bt• ust~d to only cstuh
ti.tdl initi:Il cond~tions. 

Limitations and Disadvantares of CAl 

Altlwugh CAl is ,,ffc•cti,•e in muny teaching 
situ.:Jticn~, .·H~Vt•rnl inht·rt .. •nt lindt:1tions nnd dis
adv.:tnt.1gl~~~ l'xist. Cnnsl~quently, these limita
tions mt.J.•;t be t•valu.:.~tcd wh ...... n cnnsid<~ring the 
incorpot-~ltion nf CAl ln .:1 training system. CAl 
is not suited to tcnch 3ll learning competencies. 
lt is nut '"ell suited for tt•:~ching items such us 
volition3l (will), affective (emotions/feelings), 
inr·crp·~nunal and judgl'IIH'ntal skills. 

Any skill that requires hu""ln internction 
to dt!Vt.:lnp Bt!l f-e~teL'm requ i.rc~ a senHit ivc 
lc,ilrning <•nvi "'""""nt. Vnlitlntwl nnd ~1ffcctive 
cnmpetenc.:.ieEi present a renl chnll,~nge to a 
learning system due to their intC'rpPrsonnl rc
quin•m.,nts. Te,1chin1; judgmental skills, the 
nbility of the student to determine nlternntives, 
is ~dso difricult tn automate. Ench ta~k must 
be well documented Jnd the objectives must be 
stnt••d in mf'asurnble b!'lwviornl terms. Docu
nlt'TH ing tilt>~·H.! t.~J~·do;, nh_jl•ctiVt!!i1 :md st~tndHrds 
rt~qu i rt· iln:T lys i :-; wh i ell nonn:J t l v c:JUHl'~ devclop
naint cost and scht·duh• to b\· prnhibitiVt:', 
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Another disadvantag<' of CAI is the L1e:k of 
flexibility of the curriculum. When d<•signing 
a training system, flexibility must b<~ consid.,n•d. 
An lnst~uctor con modify n lesson as it ie b<!ing 
presented while automated systPmH ure only as 
flexible as their design allows. Mor<' fi .. xihility 
nw.:JnH additional devt~lopmcnt time nnd cost. 

SELECTION NETIIODOLOGY 

Before selecting the computer ns a training 
tool, the task itself must be considered. The 
task to be analyzed must oe well defined and 
mensurable. Task definition is done in a task 
analysis by personnel trained in analysis pro
cedures. 

Tosk Analysis 

A task analysis identifies the jobs that 
need to be performed in the operational environ
lh'n t. It also de fines t:>e con,J i tions under which 
lhe task must be performed and the standards th1t 
tell when the task is mastered. Some tosks, such 
as perceptual, volitional, affe~tive and judge
mental tnsks are not observable ond car:not be 
graded directly. These types of tasks should be 
taught using group interaction. Tasks th:~t should 
be considt>red for CAI/Cm instruction are those 
requiring cognitive 1111d psychomotor skills. Each 
defined task must include main intent objectives 
or indicators. Indicutors that can be graded 
must be develop•!d to confirm thnt the learner has 
performed on unolbservable task. 

After completion of the task analysis, n 
method menns nnalyr is should be performed. A 
method means analysis is defined as a listing of 
possibl,, te:tching m!!thods aviJilablc to the devel
oper. This listing includes the various teaching 
methods and then 'identifies advantages and dis
advnntages inherent in each method. The selection 
of a teaching method should be matched to the 
t<~sk itself. Questions that nre asked during a 
method means nnalysis include: 

• lvlll!t is the t:tsk? 

• Wl1<1t methods nrc renl is tic to teach the 
task? 

• Wl1at are the advantages/disadvantages of 
each method? 

Method selection nhould not Mtop at one 
choice, Alternative methoda must be considered 
as well as n combination of methods. Teaching 
using CAl is one :tvailable method to consider. 

' 
The determination of whether .:1 combined 

a~proach is feasible generally becomes apparent 
during the method means analysis stage. Examples 
of some general strategy selection rules arc: 

• Review alternate methods to teach a 
subject. 

') 
I 
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• StrivL\ t\) use .:1 cornbin:ltiL)tl of teaching 
strategies. 

• ,\im to aJ: ~lOV<>lty to the• tt•;Jclting 
ml'thod. 

At first, the computer W;ls vi<'W<'d ns a wnv 
lo reinstitute• individu.:~lized te.oching. The . 
computer w.:1s introduced as a panacea to curb 
tr~ining costs, increase stnndardizatio11, de
cr•:a,;e tr;lining time, ;mel incrt?nsc• tr.:~ining ef
fc>ctiveness. Unfortlllwtely, in some' cns·~s. the 
comput~r \JUS seen as ~ replacement for the teach
er. Just .:~s the book docs not rt?place the teach
er, th<' computer will not repliiC<' the tP.1cher. 
TLt• tl~:JchL't'' s rolP continues to change nnd the 
comput~.-r can bt:.• USt._•d to supplena~nt and compl~
nlt~nt :itt• t('.:lcher. 

'l\•:1ching a task 1vith convt•ntionnl manual 
nH .. \thods is the .:tltcrn.J.t.i"e to automation. An 
eff~~ctive combi.n.:ttiot! sch~..•me [t·l'qttently incluUes 
computers .1nd conventional tf'<H:hing methods. A 
tnl~lllod~ m~.._·ans .:Jnalysis 't.Ji tl intlic~1te this type 
of str3tcgy if both scf1ernes prov~ appropriat~ for 
tt,aching the dt>sired skill. 

In .1ll c:~scs, the computer should be con-
i,krt•d [,,,. teaching mund;Hl<' t;lsks, presenting 

prcarrang•·d situations, and lending the learner 
thrc•ugh .:1 st_•rit~s of related cumpl'tt•ncit .... S while 
tht! computt•r gr~~o.Jes .:Jnd t•v:lluatl'S the prngre3s. 
I n t e r p c· r son ~l l s k i 11 f: , t 3 ~ k s t h .:1 t n r e r; o t we 11 
ch•fl~1cJ or tasks without a complete task listing, 
s!H11dd ~~~..·nerally be COilS~ d•.>!·cd for te3.ching by 
:111 in s t ru r.: to r . 

OnL lHJtput of the t;Jsk analysis and ml')thod 
t:lL'ans nn~1lysis is a recommendation to lnclude 
C.\c as part of thP teaching proct•ss. Hhile the 
rangp of CAl implement.:~tion techniques can span 
lhe complete range of automated system cnp."'bil
ities, a reduced group of tr·!ining system unique 
itt::ms !1..1~ bt 1 l!l1 c~ll:!logt·d. Tllt'st• tt·~1ining fi.:~:l
tures incluc!f..•: 

1. Exen· isc• Control - The computer provides 
prt~-progr.:~mrnetl in~tial scenario conditions. Hore 
extensive irn1Jlemcntations can it1clud~ computer
control timed event~ and/or allow for instructor 
int(~rvention nt .:ltl)' time. 

2. Prompts -Alphanumeric cues are given 
to a student to direct his attention towards 
•r"cific learning objectives within a scenario. 

3. Instruction - Detailed lessons are 
givc'n on tilt? comput('r for individualized learn
ing. 

4, Performance Measurement -The evaluation 
of the student's progresn is performed by computer 
controlled and evnluatcd tests. 

5, Feedback - Messages or alerts are pro
vidred to infonn the student when a mistake has 
been made or a task has been performed correctly. 
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6, !'(•t·formance Printout · A hurd copy .,r 
the performance me:lsUrl·nwnt results for n Hingle 
st>.'~nnrio. 

7. Branching - 1'he pace and structure of 
the lesson nrc altered based on specific student 
responses. Incorrect respur1~~s can ir1itiatc re
tries or specific remedial portions of the 
scenario. 

8. Performonc~ Recording - Recording of 
student's records and grade data for a full class. 
~taintl•nanct• of n dat<l 1>.:1st· l1tl the history of tht 1 

class~s cnn bP included, 

The training system designer should review 
each of these CAl features agninst the method 
me3ns analysis to determine the applicability for 
the selected training problem. Each training 
feature should be reviewed and a cost/benefit 
evnluntion made, Figure 1 shows a flowchnrt ap
proach to the degree of CAl implementation method
oLogy. The capabilities .ne placed in a hierar
chical sequence so the selection process stops 
once a no response occurs. At this point you 
have defined the training system CAl capabilities. 
For exnmple, if one choosas to include exercise 
control, prompts, instruction, ond performance 
measurement but not feedback, the CAl capability 
of the svstem is then defined. No other fpu=ures 
can be i~plemented without .:1 feedback capability. 

After determinntion has been made .:IS to the 
extent of CAl implementation, an OVPrnll review 
is in order. The question tnust be asked, 
"Should CAl be implemented even if it c.1n be?" 
The fnctors nePded to perform this analysis fall 
into two categories: performance and cost. CAl 
must be justified on one of these two grounds. 

The first evaluation factor is improvement 
in tenching. In many cases CAI will improve the 
quality of the instruction thereby increasing the 
proficiency level of the graduate. As a result, 
educators may eliminate or decrease the amount 
of time spent on Inter trnining. In other cases, 
significant improvement in the effectiveness of 
the grnduntes can bp achieved. Further, CAl mny 
be the only way to produce a course graduate that 
is capable of performing to the level defined in 
the task analysis. In other cases, CAl mny im
prove the quality of the course to allow a higher 
percentage of students to pass. 

The second'basis for consideration of CAI is 
cost. The cost here is the ultimate life cycle 
cost of training. The ndditi<m of CAl features 
may si~nificantly reduce the quantity of instruc
tors needed to teach a course . __ For example, in 
the case of the Electronic Equipment Maintenance 
Trainer (EEMT) Device llB106 the staff for the 
Electronics Technician (ET) school at Great Lakes 
had a student to instructor ratio of 6:1. After 
adding EEMT the ratio increased to 10:1. As a 
second example, in Device 20Fl7, the NTDS Labora
tory, the iuclusion of these features allows a 
student to instructor ratio of 4:1, a significant
ly better ratio than would otherwise be possible. 
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As W~ls sUtU•d above·, tlw inclusion of CAl 
L'~ln uut tlnly i.n1pruv~.• tht• qunlity of the graduntc, 
bt1t: rninimizP tht.• nt 1 t.'d fdr f~.1J 1~)\t~-up tr.:-~ining. 
CAl ft•:ttut·,•s •::In :tlso bt• used to minimize th.: 
ot·i,•nt:It l<'ll t imc of instructors with the ~training 
dt·vict_•. ,\ menu-driven svstPm \.,ritten in the 
us,•r'" l:Htgu.tr.L' simpliri:,. "l"'t':ttion, ThiH may 
allt)W for d<!<:rcns~.~d dt•Vict..• spt'cific instructor 
t t- ~~ i n in g . 

r i :Ill :lll:llys i~ of the p:uticular learning 
s i tu~Jt it'TI h~1s indic:1tcd that CAl slH,uld b~ incor
pl.'r.Jtt_•~..! ~l~; p.:1rt t)f th~..• tr·.:1ining d0vicP, tht-" nPxt 
lt•gtc.JL .stt•p is tu .:tsc~.·rtnin when the· CAl should 
b,· in~....· .. )rp~..•t·att..•d. This dt~cision cnn be rcflcctt:d 
in t!,,· sp.·ciiication, which sl.Ptlld d<.•finL' thf' 
;u:HlUtlt ut" Ct\I rcqtJirt·d. 

li,•<-'vv,•r, Lh,· suppli(•r L>f the tr<litting device 
c~..lntn_,l.s tlh· man.:lgt'fllt•nt stratt.~gy for CAl. This 
st.t-~!lt~~:y includ~.•s dt.:cidin~~ tht• timing of the in-
vul\'t•mt':lt llr tltt• ct.HJrsl·\..rare JQvt.:dupf•rs. ln cases 
t .. ·l!t'rl· tilt• gvth'r.:J.tion 1..1t tr.:1ining scenarios is 
I't'qt!ir~.·d t'arly in the dev~..·lopmt..~nt process, th~ 
t~::tillf, i~; ~~i~·.nificnnt. !11 otht·r c.:tsesthecour:-;L~-
\·.'.llt' d~.·v\·l~,.t!\t'r:-. mi.~·.ht !h)t bt· tH'L'dt.>d until thL• 

l!l·vil'L' d~.·~i.t;t~ !l.:J~ prlH . .'l'L'dc..'d p:t~;t the critic,1l 
dt·~:~f:n l-l·vit·hr ~~t~1g~..·. 

Tllt'rl' .·JrL', IH'h't>Vt'!', ::;i~:ni·:ic~Jnt risks tn 

:lllt•wing thl' des it;n art·hi tccturP to bt.• frozen 
hri tllout ~l full •'\'~Jluation t•f t''lt' ~.._•ffccts of CAl 
(l:l Lht.· tr:litlt'r-. In ~H!diti1H1, tht• c(Jurs~.?\.Jarc.~ 
d,•\·,~L~.\pl'r:-. \..':Ill i•r·~)vidt• .:1 vuiL'c. represf•nting th~...· 
u::.,•r ki.tllit~ th~._· CdlllrdLldr':--; prl)ject org[lniz.:!tit.'~n. 

\o.!h i lt· it m~1y 1H· tt•mpt ing to d~.:.-l.Jy the Ut"e of 

ll1,. l'•\tJr:-.l'WJ!t' ..._:, \t~lt•pl·rs to s~IVc Ct)St, tlu~re is 
~t pvnalty for this ~Ipproach. '.-.'hen the coursl~
v.·~~rt• d,·v~_·lupt.'rs arl' ~._•:~rly part il'ipants in the 
proj.'ct tl'am, tb('y c-.:1n mJ.k~...~ ~;ignificnnt observa
ti.tJ;l~: rt•;..;:1nJing dt..>ticiL:nciL·~ in the tr<Iint•r :lr

•.:hi.tl'L'tut·t·. 1\!1y g~1ps m.:1y pruhibit till· L•ffici'-•nt 
and ,•[i,·..:tivc• implemc•ntatiun ,,f the CAl r<.•quired 
by the ~Pt.'cific~ltion. Tht.• involvl·ment of the 
coursc•w.:Irt.' Ut~,Jclupt>rs during the system design 
ph:lsc c.1n improve the qu:Ility of the overall 
tr~tining de'.'iLL' dL•sign nnd r~duc0 th~ total irr:
pLl'rth'ntatjon Cl)St. 

DEVICE 20Fl7 EXANPLE 

,\n <'X"mplc uf 11'''" CAT /Oil was selected and 
icqd,•m•·nt,•d is til,• [.J.ovic,• 20Fl7 (NTLJS Lnhoratory). 
ll wa::; dL"sig~lt'J ;1:.: ~~ gent.~ric bnsic operator 
skills simulator using tcvcls t)f nchievr•mcnt to 
tL':tciJ simpl ... ~ to complex tnsks in .:1 SL'quent ial 
ord"r. Fi,;nn• 2 is an artist's conC<'Pt of Devic:o 
2lW17. 

Tile NTilS L:1bor11tory ~;.1s <ksigned to simulate 
tlw OJ-l91•-(V)/IJYI'-4(V) Pl'l D:1ta Displ<~y Consult> 
in all n•sJwcts. The devicP provides dynamic 
tr;tinin); in the visn;tl and tnclllc• rPsponses re
,p:i :·c"l tu :tcl1i•·\'<' till' NT!JS cnnsolP manipulative 
and intt:rprc·tivl' skill~ IH,cess;Jry to stnnd n 
Colle! it ion I I l (Nonn:ll l'c•acc•t im" Steaming) watch 
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with SUJwt·vision. The d<•vic·<' consists of 64 
opt'!r.:ttor tr11inet.1 stntions grouped into sixlt•t•fl 

st<tnd-nlone suites. Eodt suit1• contaius four 
simulated OJ-194(V)/UYA-i•(V) !ook-al ik,~ PI' I nm
soles, four simulated AN/Ul'A-59(V)2 l<lOk-al ik" 
11'1' decodr!rs, und a mini-comput<'r with nssociatcd 
pt'riplwrnlH 11nd intet"fllet•R. One of th<' l.f> ~uitt•s 
is clnssi.fied ns the' nwster, which is c:1pable uf 
sc-.~nario gt:!ncrntion. The configuration of n 
typical student suite is &!town in figure 3. The 
device contract also requires computt'r uperntion~ 
al software to control the trainer, 60 lwurs of 
preprogrammed scenarios with associated coursp
\Jare, and all classroom and laborntory curriculum. 
The traitwr software :tlso cmu!.1te,; a DDG-37 ,·lass 
NT!JS op<.'rat ion a l program. 

The• OJ-194(V) Pl'I look-alike console• is c:tp
ablt' of responding to input/usL't· Op<'rations which 
de<1l primarily with evaluation of NTDS data to 
supplement the t<1ctical decision muking process. 
U~h' ~- funct inns art.' performed by such opcr<ttors as 
Force Wc<~pons Coordinator, Ship Weapons Coordina
tor ,1nd Air Intercept Controll<'rs. lnput functions 
include air detector tracker, surface/subsurface 
tracker, id<'ntifi<.·ation operntor and tr11ck supPr
Vlsor. A tvpic:J! l'l'l dispL1y s,•en by these orwr
ators is shmm in Figure 4. 

Prt._•programmed computt:'r gcneratt:.~J scen.:trjos 
huvl' been developed to portray specific tactical 
situations lvithin the confitH'S ,,f tlw tactic:tl 
l'nvironmcnt. The scenarios emphasi::!e input oper
ator responses and are structured to provide 
fi ftecn separate levels of achieV<.'ment. Scenarios 
permit instructor intervention to freeze and re
play at nny 5 minute operating point during in
struetion. The instructor is also able to select 
scenario speed from a rnnge of lX, :>X, anrl 4X 
normal operating speL•d, The device is designPd 
to enable op<~ration of <1 conunon sCl'nario within 
a four ~onsole suite. Em:h srcnario inclepcndently 
r<.•sponds in real-time to the respective operator 
console interactions. The PPI display provirles 
realistic video displays of targets and media as 
W<•ll as full NfDS symboloby. 

Target Dvnn:nics 

The device has the capability to maintain 
track data, provide motion simul;ttion, and dis
play in real-time up to 24 activ0 exercise 
vehicles (targets) simultaneously per consol,,, 
Each of these targets is pre-nrogranuned as a 
spc~ific type of air, surface, or sub-surface. 
target with defined course, speed, altitude nnd 
maneuvering parameters. 

Target llehavior 

Preprogranuned air launch platforms are sim
ulnted with initial course, speed, nnd altitnde, 
nnd each hns unlimited time-designated inflection 
points where preselected coursl"/speed changes 
nutomnticnlly occur. Air, surface, or subsurfacl' 
launched antiship cruise missiles (AS01) follow 
altitude flight profiles similnr to those of 



NTDS LABORATORY 
TRAINER-DEVICE 20F17 

Figij-P 2 Artist Sketch 
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Figure 3 Student Suite Configuration 
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;o-:tuill i'l;~tL>nns. Thv ,·,tpabi lity exists at the 
studc·n~ Cc'lls"l'•s ;ond in sc:enJrios t0 >lssign 
lrkntific:ttiun Fri••thi c>r Foe (TFF) cod,•s to each 
<~ir t:Hf;c·t. Eadt targ,•t h;os the capability of 
bc·ing d<'signiltc•d as an activP j'tmmer by the 
sc,•n.!t'it)S, Tht' numbt·r t,.\( activt\ j:tmrners in nny 
•.Jnt! Sl..'t'n.:tri~' is l imitt.~d tu ten. 

'i'i1v dt•vict• himuLJtt~t-; \o.'L~-.ttht•r clutter, sea 
rt.•turtl, Ltndm.Jss, b~1rrab'-~ j.:unr.1ing ,)ffects, chuff, 
IFF v i.dt•o and symth>logy. Each is implemented in 
r~'"P~'Il~l· t.(' cunt 1'1)! l.'LlmP.I~Inds from the prt.1progrnm
vd :-'ct•n;tri, . .)s f<.l!. l'Pl dispL.ty nn tlh~ look-nlikP 
~,.·ons(' l t'. 

T!1~._· Pt·vic~· .2UFt7 \..'as Jt·~;ignt:J as a gt~neric 
b.:J·>i~..- u:·t•ratur skllls :;;imulatur t<J avoid tf':-t~h-
inb tht• t•v,_·r· ..:IL'l!1t;~in~~ SL•fth·~tr~· nnd 
l'l-'11SL1l,·~:; in u~·-· in til\.' f tet't toJa:.·. 

th\_• numt.~rous 

This is 
t)._);-::-;i.~,[._• t-1vL·~tust· tht· ~~asii..: jobs of the input 
L-'i"t'r..J:.uL~-> hav .... · ~1ot t:ll.:.tn~:t·d in twenty yt•ars. Pro
t-jr:ltlS .:.H!d h~Jt~.h~·.:trt.' have ~.-·ltant:t~d th~ method of 

•i.ll~l t'lll. :·~.'/~·;<;t r;Ii..'t i~~: 1 ;11\d in ~•Ol!H' C:ISl!S tht• lt>
l'~!t ion t·f t!H! ldtttrols, bt:t t!J .... ~ jobt-1 h~Vl' rt:mnin-
t•d int~lct. Dt'\'icc ~UF17 tt~ache~ tht..•sc basit· 
:-;kills u~ing t 1 n~· L'tli1SO!t• ~tnd ;1 ee:-..cric NTDS s-.Jft
' • ./dt't' progr.::1m. 

L1nct· th~._· ~kill=- ar~._• rn.JsterL·d, thP students 
:J!.L' :JI·l·· !:.t• {1\'Jdy tnis kPol..·l~..·dg,· dn difft~rt.·nt 

l.'\lil~it\lt·~~. u~irlt~ dit!l'!'t'll~ ~·,"!LJS pr\.'gt".Jms. C\.•nt•ric 
l:·.1ining allLl\,.'S ~'a~;iL skills tr.Iining to b~· 
Ln~u!~itl·,! !.·:_._,;a th·' ietp.:Jct of the o...'L)llti.nuing 
ch:Jngl·s in op('t:~ltiL'l1~1l hardwart':'. 

Thl· [)(•vice 20Fl7 dt;•\'C: ll1pment st.:trted in 
1'.177 •.•irh a Ne.,ds ,\t• lysis(!.) which H:ls vc·rifit•d 
in 19~.() :tt the begit~ning ,,f the pr,sent dcvelop-
rnPnt. The nt••·ds analysis ckfin,•d ti1e input 
or~~·rati.1l" 1 s basic skills. Subject matter t.1 Xpf'~rts 
th.::zt Wt'l't' trained in in~tructil.Hl:tl systPms d<."Vcl
oprnL~nt w,.:Ll' ablt~ to \~'ork ,.,•ith the NTDS operators 
at FL!·:cmiH,\TRACENLANT (D.:lm N<•ck, VA) to defi,..-e 
the j,,b tasks without a formal task analysis. 
Till· t<~~k ltsting was limitPd to the perfo-rmance 
itst•lf; tht• condition~ :md stnndards were not 
JvfitH·d. The t.1siu; •.-ere srqtH'nced and grouped 
into level, of 'lchic•vc•mt•nt. Levels o[ achieve
ment 1.-.':ls ~~ lt!rtn coint!d t~1 pl<Jct~ .1 mt)rc positive 
;:tpprOClCh cO l••arning than thp p!lt"ase levels o.f 
difficulty. The task analvsis also did not 
d.,fin<· qu.1:1titativc vnlu••s for detecting, enter
ing .:1nd tr,lcking 8k' tls. No objective dat;J on 
tii<'S•: performance• stcwd:.~rds was available from 
t iw f I'''"" t . 

The• same 1977 :1n.!l ys is study compared ol ter
nativ'· m<·thods or t.c•achit1g the• NTDS operntor 
tnsks. t\dv:mtagl':< n11d d i.>lndv:JntngcN of ench were 
listed, including cosl. Hl~comml'tHlntions for 
trc..dning !lYHl('m sPlt·ctillll Wt.'l't' mad(• OA a pnrt of 
the ~ludy. ;·::1ch nl t~>n1:1t ivc• w.:.l!i Cl1mp.1rt~d to :·He 
"r tl~t.· 1'P''r:1t it~n.1l ··qui;mu•nt in t:l11• tt't.liiH~t' and 

354 

th<' following alternative6 were consider<'d: 

l. Look-alike consoles with sixtet>n com-
puters. This iR th(' approuch that was adnpted 
as the Device 20Fl7, 

2. Look-a! ike consoles with on~: computer. 
This approach tied all of the consoles together; 
howt-ver, no provisions were made for degraded 
moue wiH•n the one computer failed. 

3. A slide-tape training syst('m. The cost 
was fairly low; however, th(' tactile "feel" and 
capability for future expansion was limited. 

4. Operational equipment driven by a sim
ulator was considered. The fidelity was good; 
howt~vt!r, the co!: t was excessive, 

CAl Featu~es 

Sincv the quantity of stud~nts requiring 
training in NTDS basic operator skills exce~ds 
2000 per year, it was determined that reduction 
in the instructor's workload was important; an 
~nstructor to stud~nt ratio of 1:4 was dictated. 
This n·quirenll'nt tlwn 1,~r1 to considt•rnti..n of 
various CAI features to uid the instructor nnd 
provide supplementary tutoring to the students. 

A comparison of the flowchart approach of 
Figure 1 to the needs of Device 20Fl7 demonstrates. 
the p,·ccess of ~onsideration of CAl features for 
a trainer. In order tll reduce tl1~ instructor's 
workload Juring Jabor~tory sessions, it was 
decided to use preprogrumed scPnarios (EXERCISE 
CONTROL). Sinc<e or1e instructor cannot be• con-
stantly in contact with all four ftudents, com
outer generated messages on an instructional/ 
t·octical CRT (PRO~IPTS) synchronized to the 
scenario w~s provided. The student's learning 
process was also enhanced by the inclusion of 
capabilities for computer display of detailed 
step-by-step procedure~ (INSTRUCTION) synchronized 
to the scenario. Since many of the skills such 
as ball tab positioning--rrccuracy can be qu:10tified, 
computpr generated tests and evaluation of student 
behavior (PERFORMANCE HEASUREHENT) W<~S included. 
The timing of these tests was also controlled by 
the scenario. It was :.~lro concluded that rt>al-
time results of these tests (FEEDBACK) should b<· 
available to the student in the early phase of 
training. The scenario author would define• 
whether the test results were to be displayed to 
the student nnd/or stored for printout at the 
end of the lesson (PERFORHANCE PRINTOUT). 

Other CAl fentures wer~ then conside~ed. 
Real-time modi{ication 0f the lPsson based on 
stud<'nt, proficiency (BRANCHING) was reject~d as 
being more sophisticated than was desin'd for tiw 
trainer. The high student load, ncc('ssitating a 
lock-step curriculum was partially in conflict 
with BRANCHING, where the lesso:t time can vary 
from student to student. The additional impl~mcn
tation cost, courseware development time, and 
program risk were also fnctors in the decision. 
The establishment of n historic11l d.1ta b;JSl' 
(PERFORNANCE RECOHDING) w.1s considerl'll, hut vil'l~
ed as bc;ond the scope of the training require
mentA, 



·(:~~~ t:nur!iL'W.:Jn• dt.'VL!lnpt.1 I"~, if lh>t subjL•ct 

m:Jt.t(•r l'Xpt..·r~s, hc:1d t\.' lt'.:Irn tiH' tasks being 

t.:lut:;ht !io th~..·y t:ould synthes izt• the m.lteri;il. 
T!~t'y '.o.'l!I..l

1 intim;Jtt• with tht~ USl't" 1 s l~lngu.lgt~, 
c'<tuipmc·nt, ;1nd jc>b. Coursewar,• Jcvt•lopt•t·s tlwt 
Wl!t·c· ktwwlc•..lgc•;Jble of t•quipml!nt opl'rntions and 
pt.."rf\)rm:tncc mt.~.:lsurt!mcnt rt.•quiremt~nts a.ssi.sted in 
tflt' h~trdw:;t·t_• ,1nd softwan.~ d~..·vt~loprnent. 

In th,· dl'vtdopmt!nt of D<'vic,• 20Fl7, cours<.'
W:lr~ (Icv~l0~'ers s~rved ;1 valUilbl~..~ rol~ in r~pre
Sl'nting, h'itl!in tta• project te~m1, thL• needs of 
tl;t· ust•r. ~in<.:tll the r.1otivation of the coursc
warco dl'velopel i'"r.:d l,,[,•d those of thP user, the 
i.nfluenL:..:~ i1rovidcd by the courst~warc personnel 
allL)' . .Jt·d tl1t.~ pruj~.>cr-. design to bcttt'r reflect the 
u~~·t·'s d~_·sirc·s. '111is p:1rtici.pation in the design 
Cl)[lCl'pt i.tl~or;)ornt~J subtleties in the training 
Jt•vict" 1..:i1iL·}l m.:Ixir:liZL•d its tr.:tinitlg effect·ive-
:~ t' ~; s . 

on H~·_r_r_d_w_:~_r·_.,_~~-:_~ 

Cz.,urst.·\·.'~lrt· dc•v~._•lopers nn Device ::OF17 
.J:-;sistt·;.! j_n !l~f~ni!1g the hard\..'.:JrL~ r'~quirements 
~~~·~~!~t! for pt~rformarlce m~nsurcment. All hard
\~•art.' c0ntrt)!; and indicators :tre not needed to 

upc·reJtLc as tht~ .<ctu,:ll equipment functions. lly 
dt•i ini:1g v:!1 i.e It cuntrols and in(!ic.1tors .1re need
t•d for the Jt:•gree of a...JtfH'llticity rerr~irt•J, thf' 
llLirllw~rc <lesi~n and construction w~s si~plifieJ 
\,·ith .::1 c_orre!:ponding cost savings. 

T~c Devic~ 20Fl7 h~rdw3re design :~rchitec
!:urt· nllo~Jr-J for P1D-ny variations of hard\.,•are 

dL:S ign. , bne des i.g~1 appro.:tch cons ide red used .:Jn 
int~!ligent look-nlike console with significant 
pr·ocl'Ssi.ng power loc~1ted nt e.:.tch console. t,'hilc· 
this ap~ro3ch is acceptobl0 from on implementJ
::ion perspt~ctive} it CL'mplicates ll1e task of 
;rn;Jlyzing ;tll stud<'nt inputs :md providing 
t~u.J.ntitntive performanct.) evaluation. The C.-\J 
rl'quirl'rl<:>nt which w:~s included in the contract 
specific3tion directed the h3rdwnre d0sign to
•,,anls a dur1b lo<,k-Hlikl' console with all student 
switch and contra~ actions 3Voil3ble to the ho~t 
sintulotion computer. This hardware dl'sign 
decision simplified the incorpor3tion of CAl 
throughout the trniner. It provided operator 
inputs and responses to the softw:~re, thereby 
simplifying the task of implementing the CAI 
softw3re. 

CoursewCJre Developers Influence on Software 

The CAl unique softw3re requirements for 
Device 20Fl7 includl'd on offline scenori~ s~ner
olion program to allow scenario aulhors, with 
li'tle computer background, to generate scenarios. 
In addi ti0n, renl time pr J~rams imple1oented 
specific3lly for CAI provide: 

• Pr0mpts to be displayed for the student. 

• Jn-lin~ feetlback messages to tl1e student, 

" Real ti.me performCJnce measurement. 

Post exercise performance printouts. 
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This sub~tant.ia! software effort was signif
ic·ant ly impacted by the courseware dev(•lopers. 
Discussions with the software project ~ngineer 
e1nd the progr3m manager resulted in modifications 
to the originnl design concepts. These modifica
tions mode tiH' programs more usable to th·.~ course
ware developers and thus simplified tlwir job. 
Those ~honges also simplify the user's job to 
modify the delivered courseware or generate new 
scenarios as required. 

The most striking changes occurred in the 
scenario generation program. With the influence 
of courseware people, the scenario development 
program evolved into a user oriented authoring 
svstem. The user is led through the program and 
p~ompted for appropriate entries by a sophisti
cated generCJtion and editing capability. The 
program also includes scenario verification and 
error checking to insure that preprogramed tar
gets are maintained within a realistic environ
ment; i.e. surface ships do not cross a lond 
edge barrier. 

The performance measurement progr3m was 
also significantly ePhanced and provides sophis
tic3ted and me3ningL 1 performance measurement 
for n wide range of Rignificant trainee measure
m<:>nt situations. 

SLIH}1JIRY 

Computer Aide•d Instruction has been firmly 
established as a requirement in many existing 
and i:uture training devices. It can significaatly 
improve the trnining C3pability when properly 
implemented. 

This paper hns presented a simpliCt!d :ip
proach which can assist in making crit:•c.1l CAl 
implementati0n decisions. The examples 0f CAI 
features on Device 20Fl7 provide less<>!l!'- '<hirh 
cmt he .1ppl ied to other troiy_:ing app! icCJt i"n' .. 
I.Jith tlw proper .:.prro3ch CAl can euloo> 1H'c ul~''""t 
.any trainer. 
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COMPUTER  PROGRAM  DOCUMENTATION   -   WHAT   IS  OVERKILL? 

Karen B.  Bausman 
Computer Resources Systems  Engineer 

Wright-Patterson Air Force Base, Ohio 

ABSTRACT 

'Millions of government dollars are  being spent or doc Minen tat ion of the computer 
program systems of Aircrew Training Devices every year under the premise of i fe cycle 
support. As the costs of Aircrew Training Devices increase, it bee.mes imperative that a 
complete evaluation be done to decrease documentation costs. This pape1" discusses the 
following components of the documentation issue. 

(a) ■'•What documentation is necessary for development and acquisition tracking? 
Do we use it? 

support?, 
(b) -What documentation is necessary for three ma^or manning levels during 

(cj "'How much is "blue suit^' maintenance costing as part of ATD? 

(d) -Commercial Practices Documentation - is it any good? 

(ej -Will computerization save us? 

(f) *Where can dollars be shaved? 

A 
INTRODUCTION 

Since late in 1973, the Air Force has been 
reemphasi zing overall aircrew training to include 
a higher dependence upon Aircrew Training Devices 
(ATDs) for accomplishment of simulator unique 
training.  Inheren. to this change in emphasis is 
the increase in total dollars expended on ATD 
acquisition and follow-on support. As the 
economy weakens, the cost of people intense tasks 
continues to increase.  Two of the tasks which 
most effect ATDs are    ne writing of software 
programs and subsequent documentation. The ATDs 
currently procured are  more complex and software- 
intensive than ever before. With this is the 
overall increase in ATDs cost, and a drive to 
decrease wherever possible the high cost contri- 
butors, so that more devices can be acquired 
without degradation of overall training effective- 
ness  This paper defines what documentation is 
needed for Computer Program System (CPS) Develop- 
ment, acquisition tracking, and the different ATD 
support philosophies. The cost of organic main- 
tenance is evaluated. In adütion, commercial 
documentation and trends in computerization of 
CPS documentation are also discussed. Finally, 
three recommendations are  made which would help 
decrease the total cost of CPS documentation in 
ATDs. 

DEVELOPMENT DOCUMENTATION 

What is Needed 

The life cycle of an ATD can be divided into 
two major phases, acquisition and support. Each 
phase has -Mstinct and different requirements for 
documentation of the CPS. During the acquisition 
phase, where the CPS is designed and developed, 
three tasks are aided by CPS documentation: 

(1) Document the development of the CPS 
and its des ion; 

{?)    Program reporting, status, and track- 
ing to the acquisition agency; and 

(3) Support testing of the device. 

These three tasks generate entirely different, 
requirements for documentation and each will be 
covered independently. 

D^s]gn Documentation 

The CPS Pesign Documentation is produced to 
show how the CPS is developed and what the final 
design will be. At the Preliminary Design Review 
(PDR) three areas of the design will be documented. 
First, the allocation of each system into hardware 
functions and software functions must be identified 
and fiozen as much as possible. Second, any 
previously used model which has been selected for 
use on the ATD must be identified and described. 
Finally, ai.'i most importantly, : »overview document 
must be provided that, defines how the system will 
work . 

At each successive design review the design 
document should become more definative until the 
Critical Design Review (CDR) when the final version 
should be complete. Auer the CDR, since some 
changes are  inevitable, change pages should be 
issued to support the corresponding design change. 
The type of documentation required is dependent on 
the type of functional system. ATD real-time 
applications consist of two types of systems: 
one based on a mathematical model of the aircraft, 
and one which is scmewhat task oriented. 

Systems based on a mathematical model have 
special documentation requirements, in both hard- 
ware and software, to show design correlation 
between the real-world system and the simulated 
system. To document this most explicitly would 
require two functional block diagrams, equivalent 
to Figure 1, and supporting narrative- descriptions 
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of bot.!'   the  real   and  simulated  systems.     This 
would provide a  top level   understanding of the 
design approach,  per  function,   for both contrac- 
tor and  government engineers  to  follow.    A 
detailed  presentation of the simulator system's 
hardware/software   interfaces  should  be  defined. 
Probably  the most  important  interface would  be 
with a   user's  guide, and  include complete 
operating  procedures.     In order  for a  task 
oriented  system to be defined completely all 
outside  interfaces  must   first   be established and 
discussed during early design  reviews.    One 
obvious  and  important example would be  the 
instructional   aids/controls. 

Status  Documentai-ion 

Documentation  necessary  to assist  the acqui- 
sition  agency  in   tracking  the development  effort 
is  the second  type of development  documentation 
required.     The  System. Engineering Management 
Plan,  Computer Program Development  Plan and 
Firmware  Development  Plan  all   provide development 
planning   information and schedules   to both con- 
tractor and  government  personnel.     Other  related 
plans ^ire  for Configuration Management  and 
Quality Assurance.    When defined completely and 
used as  a   rigid model   against which  develop- 
ment activities dre  based,   these plans  <\re  very 
useful . 

Outside of the  planning document,  additional 
data should be  generated   for  tracking  the CPS. 
The most widely used  is a   representation of  CPS 
allocation   in a  tree   form.     This  provides a   guide 

to  how the  CPS   is  designed,  a  base  for  implemen- 
tation of planning documents and size/time track- 
ing.     Size/time  track!, g permits   frequent  moni- 
toring of critical   computer  resources. 

Test Documentation 

Very  little additional   documentation   is 
necessary  to  support  the  ATO  testing,  as   long  as 
the  initial   design  documentation  is  correct.     An 
alphabetic  cross-referpnce ot  engineering  terms 
and program mnemonics,   units  and modules   that 
NSe/chanqe  these  variables,   is  used  the most 
frpquen*ly,  along with other  printouts,  such as 
program  listings,  memory allocation   listings,   and 
data  pool   lists.     The mos*   important   issue   for 
test  documentation   is   that   it  be  correct,  avail- 
able,  and maintained  in a current   state. 

D°. K?_ UjajL 0§ vi0 oprcetit Documenta turn? 

All   documentation  produced  during  develop- 
ment  is  utilized to some degree.     If design 
documentation   is  provided before  the  design 
reviews   to enable a  pre-design  review evalnation, 
then  the design  reviews  become more detailed arid 
comprehensive.     This   increases   government   aware- 
ness  of   the  design  and minimizes  surprise1,  as 
design  changes  develop and  testing  begins. 
Status  documentation  keeps   t fie  government  aware 
of  the  contractor's  progress,  even   if   it   is 
toward a  schedule  slip.     It   is   far mure  cost 
effective  to catch  such a  slip one month  after 
CPk  than  two months  before  test.    Good  test 
rtocu»irntation  assures  a  more  complete  test 
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of the device, for both the contractor and the 
iK/ir 

Development documentation is also used as the 
basis for support documentation. 1ven commercial 
documentation is based upon the definition of the 
CPS product which is internally produced during 
the development cycle. Additional data items 
required and specified formats make up all the 
major differences in support documentation. 

SUPPORT DOCUMENTATION 

Maintenance Concepts 

Normal definitions of maintenance appropriate 
to hardware are not easily adapted to software 
maintenance. We can, however, divide software 
maintenance approaches, including modifications, 
correction of latent deficiencies and enhance- 
ments, between organic (blue suit), hybrid and 
full contractor maintenance concepts. 

In the blue suit concept, mili ir ATD main- 
tenance technicians handle software . iport. 
Little training, tour length and retention are the 
primary contributors toward lack of effectiveness. 

A hybrid is a compromise between the total 
blue suit maintenance and ". ual contractor main- 
tenance.  It is based upor L,»e aug.Mentation of 
the blue suit concept with engineering educated 
personnel, either government or contractor. With 
this concept, engineering cap Lility is increased 
and long-term civilian augmentation can resolve 
problems created by military duty tours and re- 
ass i gnments. 

The third level or type of software mainte- 
nance is contractor support or Contracted 
Logistics Support (CLS). Contractor support 
provides an increase in engineering skilled 
personnel and consistency in support. Usually, 
a support team will be staffed by one or two 
qualified field engineers and augmented by newly 
graduated engineers, with very little ATD experi- 
ence. This concept, does provide for an experience 
base to be built, unless the service contract is 
recompeted within two years and awarded lo  a 
second company. Even then, it is not uncommon 
for incumbent personnel to transfer employment to 
the second company. This concept has the added 
advantage of making the originator of the support 
documentation directly responsible for its adequa- 
cy and providing a tie to the originator for 
additional support when needed. 

Support Documentation 

lach of the three concepts of software main- 
tenance has different support documentation re- 
quirements.  Due to limited training and retention, 
the total blue suit concept has the greatest need 
for quality documentation and, therefore, has the 
higher associated cost.  The maintenance tech- 
nicians need to use the documentation both top- 
down and bottom-up.  The top-down study approach 
is used to teach new technicians about simulation 
in general, and experienced technicians how the 
specific AID system works.  Tor this study 
approach extra documentation is required to pro- 
vide simulation technology and development phi- 
losophy, as well as detailed step-by-stcp 

procedures defining how to use the available soft- 
warp  A hoi tnin-un approach is used when a latent 
deficiency or proposed enhancement is identified, 
to track back from listings to what math equations/ 
models are applicable. For this study approach 
extra documentation is required to provide this 
backwards tracking since development documentation 
is evolved going in the opposite direction. 
Modifications of any size are usually contracted 
out. 

With the addition of engineering personnel, 
the bottom-up approach is usually eliminated. An 
understanding of system and basic engineering 
concepts available for a long term should replace 
this approach.  Small modifications should be 
supportable with this augmented blue suit concept, 
even though many of the larger modifications 
wou"!d still be contracted out. 

Trie third level of software support should 
handle all but major modifications through the 
contracted support team. Additional documentation 
for simulation technology and development phi- 
losophy would not be required since the two field 
engineers would be able to instruct other team 
members. Also, it the field engineers had pre- 
viously part'cipa ted as part of the on-site test 
team, only top level procedures for software 
usage would be required. Actually, each contract 
av. .rd should include an overlap of contractors 
to ensure no degradation of support during the 
transition period from acceptance testing to 
operational training.  The documentation required 
for CLS is egual in most, cases to development 
documentation. 

BLUE SUIT MAINTENANCE COSTS 

Reen!i stments 

One of t 
IfSAF «a in ten 
companies' s 
level .  This 
nient statist 
percent of a 
nicians (AFS 
can be compa 
for all Air 
term reenlis 
when thirty- 
technicians 
maintenance 
reenlisted, 
all specialt 

1ra i n i ng 

le greatest differences between the 
ance teams and commercial simulator 
upport teams is the average experience 
is caused by a decreasing reenlist- 

ics trend.  In 1981 only twenty-five 
11 first term ATD maintenance tech- 
C 341XX) elected to reenlist. This 
red to a forty-two percent average 
force specialties. This 1981 first 
tment also compares poorly with 1979, 
seven percent of ATD maintenance 
reenlisted. Of all second term ATP 
technicians, only forty-three percent 
compared to seventy-one percent for 
res. (1) 

As each newly enlisted service member attains 
an AFSC rating he is sent to specialised tech- 
nical training to master the skills required for 
full qualification.  To train an enlisted member 
in the ATD maintenance fields (all AFSC 341XX1, 
it will cost an average of SI?,-177 in 1982 
dollars, compared to SB,799 in 1980 dollars (see 
Table 1).  (?) Liese costs include incentives 
pay, selective reenlistment bonuses and profi- 
ciency pay.  They dre  based on the cost per 
(juaduate for- training required at a basic skill 
level, acquisition costs, basic training costs, 
pay and allowances while in pretechnical training, 
permanent change of station after training, and 
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AFSC 

34131 
34132 
34133 
34134 
34135 
34136 

TABLE 1 ENLISTED PERSONNEL ACQUISITION COST/GRADUATE 

FY80 $ 

Instrument Training Specialist 
Defensive Systems Training Specialist 
Analog Flight Simulator Specialist 
Digital Flight Simulator Specialist 
Analog kav Simulator Specialist 
Digital Nav Simulator Specialist 

FY82 

3,675 4,513 
6,966 8,894 
10,09? 14,567 
10,161 14,859 
10,434 15,212 
11,450 16,819 

pay and allowances  for leave accrued during 
training.     They do not include training to  attain 
an AFSC rating, on-the-job  training, nor  Type  I 
training after  reporting at  the new duty station. 

Government Documentation Costs 

Based on cost data  and educated estimates  it 
costs three to  five times more to buy trie 
additional   software documentation necessary  for 
blue iuit maintenance than commercial  data.    The 
variances can be explained by differences  in 
commercial   documentation  provided by different 
companies.     The  percentages  add up  to large sums 
cf money, over  five million  dollars on one pro- 
gram    just   for the basic  documentation costs. 
If we add  in the  cost  of training   the seventy- 
five percent of  first  term ATD maintenance  tech- 
nicians  that did not  reenlist, an  alternative 
solution becomes  attractive. 

COMMERCIAL   DOCUMENTATION 

standards 

There dra  no standards equivalent to those in 
the military to define what commercial documen- 
tation cons..,fs of, except some standardization 
accomp1ished though the computer industry 
(ANfll, etc.).  lach company publishes ind*virtual 
Stanfords and defines how tfnir company will 
document computer programs.  This is indirectly 
influenced by military standards for companies 
with a large share of the government market, 
although such comparability of standards is 
Strictly voluntary. When a company publishes 
documentation standards it is up to that company 
to enforce those st indards.  The greatest 
difference between jovernment and commercial 
standards on any given program is that government 
documentation is more consistent in format ana 
includes additional documentation required based 
upon the support concept planned. 

Commercial Acguisi tion 

When a commercial AID is procured, there are 
differences, compared to Air Force procurements, 
in the acquisition methods used as well as 
documentation standards. Where the Air force 
requires a build-up of documentation from 
contract award to test, commercially only the 
functional des i'in definition and math modeling 
details ^ve  documented during development.. 
Informal reviews ate held throughout the develop- 
ment process with design discussions recorded in 
formal minutes. At the end of the contract, (.PS 
documentation that is delivered with the AID is 
\ery  similar to Air Force development documen- 
tation. Confidence of acceptable l'S documen- 
tation at the end of the program is based upon 

the advantage all commercial aircraft companies 
have over the government. That is, if the simu- 
lator contractor does not deliver what is required 
within cost and schedule, the commercial aircraft 
company can easily take their business elsewhere. 

C o TO me re i aj__ Maint enance 

Commercial airline companies, i.e., those 
companies: that train commercial aviation aircrews, 
(American, United, etc.), have a stable group of 
simulator operational support engineers and tech- 
nicians that accomplish all software maintenance 
and modifications.  This jroup has years of 
experience end is reasonably well paid; therefore, 
the companies do not have a major problem with 
turnover. Attrition is handled through employment 
of other experienced simulator engineers/tech- 
nicians, often from military avenues or' engineers 
from simulator manufacturers.  Any shortages in 
the commercial documentation as delivered is 
usually updt-.ted and expanded as necessary. 

COMPUTERIZATION OF DOCUMENTATION 

What Is It? 

There are  many different ways documentation 
can be computerized, from digitally storing text 
and uraphir imaqes to writing programs to generate 
the documentation. All of these concepts have 
'ceer\  created to save the large expense that soft- 
ware documentation adds to a program. Some 
computer vendors are  developing a line of commer- 
cially available software that helps the user 
develop, test, document, and control application 
programs.  Software houses and simulator companies 
have developed documenting programs or concepts 
which include the computerization of software 
document generation. Some examples of types of 
programs include utilizing program design lan- 
guages to write all the narratives and descrip- 
tions; flow generators that can produce a diagram 
from functional block level down to a detailed 
flowchart; and, with a small modification, the 
documentation of the system hardware. Probably 
ninety to ninety-five percent of all software 
documentation or system documentation can be 
computerized to some degree.  The remaining five 
to ten percent is of the type that is just mere 
cost effective when accomplished manually. 

Contractor Costs 

If a contractor made the initial effort of 
developing a documentation system internally for 
use on future programs; he could reduce documen- 
tation costs approximately fifty percent. An 
extensive system could cut documentation costs to 
less than a dime a page, just implementing con- 
cepts that have been refined in the last few 
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years,  and are being discussed at many of the 
national   computer conferenr.e$.    The contractor 
costs would consist  only of development costs of 
the  software  and any  residual   tasks   for 
imp] einen ting the package on different machines, 
which could be minimal   if  portability were a 
desicjn constraint. 

Go ve rnmejrt_ _Co sj:.s 

To implement some type of computeriza- 
tion for documentation many questions need to 
be answered. Would it be more cost effective 
to standardize on one approach and require usage 
of that standard for all programs, or to provide 
a standard program and then require usage of 
that program? A study effort to define what 
the standard should be, with coordination between 
ATSC, AFLC, Navy, and users, would probably hike 
one year. An alternate approach to reduce support 
costs would be to purchase a "documentation 
system" and digitally store all documentation 
to a specified format, compatible with *he 
hardware system, t ven this generates questions 
as to how many hardware systems would be bouqht 
and by whom? Lach individual program could 
require computerization to the maximum deq-'ee 
technically feasible, Costs would be reduced 
by paying only licensing fees for previously 
developed programs.  There are many alternatives 
and considerations, too many to name, from 
which the government can choose. 

CONCLUSIONS 

Docume ntatjon _Shindordj> 

One of the largest continuing, issues in the 
DOD is the standardization of military documen- 
tation requirements among t tie services. Fach 
rids its uwn CPS uocumeni u i i uii Standards, with 
ttie Army using th? Navy 1644 standard frequently. 
In planning a reduction of documentation costs 
high priority should he the definition of a 
government standard, at least for training 
devices. Currently, an attomnt is beinq made 
to define this standard. With this tas•■ 
accomplished, a comparison against commercial 
standards should be performed to defiro the 
documentation gap  This comparison should 
identify the major penalties the government pays 
for normal maintenance concepts and where soft- 
ware documentation costs can be cut.  Initial 
evaluation shows that there is no major 
differences between CPS documentation procured 
for an ATD with plans for CLS and a commercial 
ATP, except for enforcing contractor produced 
standards. 

L°JJii-j9.L. Support 

The tie between tfie skills availabl  to do 
software maintenance and support and software 
documentation is far too direct to gloss o^er. 
At the beginning of every program the user's 
operational and maintenance concept and staffing 
for the new AID must be the primary input for 
documentation planning.  If a CLS concept is 
being planned, then mil i tary-s? irdarci documentation 
is unnecessary.  If an organic concept is being 
planned, commercial standards will sur?ly fall 
short of what is needeo to support the device. 
The step of tying user's plans with documen- 

tation requirements is one of the most important 
pre-Request for Proposal activities. 

With the many new directions being received 
we may be forced into a CIS concept for all future 
A T Ds . Although there is user resistance, CLS 
should force a reduction in government CPS 
documentation requirements, as well as its 
associated costs. Other ways of reducing govern- 
ment CPS documentation requirements dre  tied to 
the limited training and tour length of ATD 
maintenance technicians. By increasing the 
quality of training available, Type 1 and local 
university courses, extending tour lengths and 
overlapping transition periods when duty station 
changes are  unavoidable the government can create 
a maintenance concept close to that of the major 
airlines. However, even these two concepts 
would not resolve the largest problem. Software 
documentation, even by commercial standards, 
i* complete, is too costly. 

Documentation Costs 

fven is these two recommendations ^-re 
implemented there is still a problem of high 
documentation costs.  The ^red  of greatest promise 
for cost savings in documentation ,s in the area 
ot computerization.  The computer p.oducts 
industry and comp-fer resources institutes 
have recognized this in past years, Evidence 
of this can be seen by the prominence of written 
and presentation material at many computer 
conferences.  The application of these concepts 
should directly impact the acquisition and life 
cycle support costs of software documentation 
for all oovernment training devices.  If applied 
carefully many existing problems should be 
resolved. The actual implementaticn of ttie 
techniques should be accomplished through 
».tlifjatinn against a minimum qovernment documen- 
tation standard before contract award. 
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" Part of every modern cockpit simulator is an interface between the analog 
world of the cockpit and the digital world of the central simulation computer(s). 
This has traditionally been^a complex system of analog/digital conversion 
circuitry commonly called  the .^linkage**'. 

This linkage ie expensive to build and requires modification to both 
the hardware and central computer software whenever changes are made to the 
cockpit instruments and controls. It also imposes a significant processing 
load on the simulation computer in that much polling of input and formatting 
of data are required. This paper describes a new approach that solves the 
problem by replicing the linkage with a microcomputer attached to each major 
instrument/cont rol and small groups of minor instruments/controls^ These 
instrument/control computers (ICC) functionally become pait of the instrument- 
/control and assume all simulation of that device that is independent of 
other activity. The ICCs pass data to the central computer and receive data 
from it  only as  necessary. 

BACKGROUND 

The control of an aircraft, and for that 
matter almost any machine, has traditionally been 
an analog function. That is, the pilot moves 
the main controls through an infinite number of 
positions and views his situation via indicators 
that can assume an infinite number of positions 
on the face of a dial. True, there are a number 
of important devices, such as switches and indicator 
lights, that are discrete in nature. And in modern 
cockpits the trend is to more and more discrete 
Indicators, such aj computer driven CRTs. Despite 
this trend the key controls and the key indicators 
are   likely  to remain analog devices. 

In the early days of aircraft simulation 
the heart of th** simulation itself was an „nalog 
device, in fact it was an analog computer. As 
the technology of digital compu;_rs came to the 
fore they began to take over the job of providing 
the simulation of flight. Although they were 
digital, or discrete, in nature they provided 
flexibility and rost advantages that far overshadowed 
their shortcomings. And it soon became apparent 
that if a series of discrete steps were small 
enough and quick enough they would appear to be 
continuous or analog in nature. So the simulation 
problem has beer taken over by the digita1 computer 
in • irtually ai.' cockpit simulators in recent 
years. 

Although the cigital computer handled the 
modeling problem quire well, the controls and 
int.t ruir.cnt s had to remain analog if they were 
to appi-.ir at all realistic. The problem of the 
digita! simulation flight model on one hand and 
the analog cockpit on the other was handled by 
constructing an elaborate conversion mechanism. 
This converts analog signals flowing from the 
cockpit to digital values that can be digested 
b> the computer, and translated digital values 
coming from the computer to analog voltage level« 
or synchro signals that drive h* instruments. 
This mechanism is commonly known and is tin .-after 
referred to   in  this  paper as  the "linkage"  (Fig.   1). 

HIGMfEREORMANCE 

MINICOMPUTERS 0* 
SIT OF MINICOMPUTERS 
CLOSELY COUHID 
(USUALLY THROUGH 
SHAREO MEMORY) 

• afiiiwd» SMAU 
AMOUNT Of MEMORY 

EM»HASISONHI&H 

IXECUTIONSMtO 

Figure   1.     Convention.!)   Sinul.it or A. 

This linkage, aside from its function, has 
many interesting characteristics. Most of them 
are undesirable. This paper outlines a new approach 
to the problem of communicating between the analog 
cockpit and the digital simulation computer that 
does away with the linkage and its associated 
problems. 
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THE PROBLEM 

The linkage is expensive and inflexible. 

This inflexibility .ikes it even more expensive 

when modifications to the prototype aircraft must 
be reflected in the simulator. 

Hardware 

The linkage as found in most cockpit simulators 
is a set of hardware components, mostly A/D (Analog 

to DigiMl) and D/A (Digital to Analog) conversion 
circuitry. The linkage is built differently for 

each different aircraft that is being emulated. 
This reflects the fact that each different aircraft 

has a different set of instruments and controls, 
although many of the instruments aid controls 

themselves may be exactly alike. For example, 
it is not at all uncommon for different aircraft 

to have the same make and model of altimeter. 
In the real aircraft this commonality has all 

sorts of advantages, such as reduced parts inventory, 

lower manufacturing costs, etc. But in the building 
of the linkage this cannot be taken advantage 
of because the linkage must match the set of instru- 

ments as a whole. That is, when instruments and 
controls are added, deleted, or modified in the 

prototype aircraft, the linkage must be modified 
to reflect this. While simulator manufacturers 

have designed the linkage hardware to be relatively 
easy to modify, this modification still entails 

considerable expense. 

But this cockpit half of the linkage is but one 

side of the story. Another talf; lies with the 

computer side of the linkage, vhere the problem 
is even more severe. 

The hardware connection is a custom built interface 
between that particular linkage and that particular 

make/model of computer. If the computer is to 
be changed, for whatever reason, this interface 

also must be rebuilt or at least modified. Efforts 
have been made by the simulator manufacturers 

to decign flexibility into the linkage to reduce 
the impact of changes in the computer, but again 

this is a compromise of necessity, not a solution. 

Software 

The TACAN is a relatively simple (in concept) 
navigation device found in most military 
aircraft that tells the person in the cockpit 
his bearing and distance from a fixed transmitter 
that he has tuned in. To accomplish this 
portion of the simulation in most systems, 
the following sequence of events occur at 
least   five  (typically  20)   times a  second: 

The simulation computer asks the linkage 
for the voltage value indicating the 
position of the TACAN channel selector 
switch. 

The linkage reads the voltage of the 
line associated with that switch, converts 
it to a binary value, and passes it 
to rhe  computer. 

The computer converts the voltage to 
an angular position and associates that 
position with a channel number. 

Using that channel number as a reference, 
the computer looks up the geographic 
position of the transmitter associated 
with that channel in a table prestored 
in  th*  program. 

The computer then looks at the present 
position and altitude of the aircraft 
and calculates the bearing and distance 
from the transmitter to the aircraft 
using  simple  trigonometry. 

The computer now converts the bearing 
value to a voltage that will cause the 
bearing instrument indicator to assume 
the angle associated with that  bearing. 

The computer then converts the distance 
into four separate voltage values that 
represent indicator positions for tenths 
of miles, miles, tens of miles, and 
hundreds of miles. 

When all this is done the computer passes 
the voltage values to the 3 inkage which 
converts the binary values to voltages 
and applies them to the lines attached 
to the TACAN bearing and distance indicators. 

The person in the cockpit knows where 
he  l Ji. 

All the problems that have been mentioned thus 
far, however, deal with hardware changes and their 
impact. But an even more expensive, and less 
tractable, problem lies with the software associated 
with  the  linkage. 

The information that flows between the computer 
and the linkage is not foot pound» of force on 
the yoke, nor is it feet of altit» a, nor is it 
ar.y of the units with which the simulati-on computer 
deali in its modeling calculations. The values 
that actually flow are voltage levels or synchro 
signals that indicate either the angular position 
of a control, or the angular position that an 
instrument needle is to assume. This implies 
that a lot of converting between formats is going 
on. And while many conversions are straight forward, 
most of the« are not. Let us examine the typical 
case of  a TACAN. 

The sequence of events above illustrates 
several  points. 

Processing Load. The amount of processing 
done by the computer is a key factor in the design 
of any -simulator. Usually the processing load 
is quite heavy. The above sequence illustrate« 
what must be done to service one instrument for 
one cycle. In a tyyical simulator there are hundreds 
of instruments and controls, each must be serviced 
several   times a  second - 

The computers selected to perform these functions 
are generally of relatively high capacity and 
are commensurately expensive. In many simulators 
several computers are linked together and share 
the load. Another effort generally made to meet 
the processing requirement is a specially <**rigned 
software   operating   system.     The  operating systec 
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is either written completely by the simulator 
builder or is an extensive modification of one 
provided by the computer manufacturer. Either 
alternative if. an expensive one. The application 
routine* tre written very carefully and exhaustively 
rested to ir9ure that thay not only function correctly 
but that they do not exceed their allotted memory 
space or execution time. Meeting time (or memory) 
constraint^ is generally considered the single 
most  expensive  factor  in sof:ware  costs. 

In the example above, the amount of calculation 
actually concerned with the simulation itself 
was quite small. Most of the processing had to 
do with converting values and controlling the 
linkage. This is one example, but it is representative 
of what  a simulation computer really does. 

Modification Impact on Software. Whenever 
a modification is made to the cockpit, perhaps 
the addition or upgrade of an instrument, not 
only does the linkage have to be modified, as 
mentioned earlier, but the simulation program 
will have to be modified to handle the change. 
This is a very common occurrence and great pains 
are taken by the programmers to ensure that any 
new processing involved does not exceed any critical 
memory or  timing constraints. 

THE  SOLUTION 

Suppose now we could elimfnate the linkage 
as described herein. Along with this we could 
eliminate the requirement to control it and the 
requirement to constantly reformat the data floving 
between the computer and tht linkage. We could 
!hen concentrate solely on the true simulation 
functions. This would reduce the total processing 
load by several factors anc with this reduction 
one  can  suddenly: 

Reduce   the   number  of   central   computers   in 
the  simulator. 

Utilize  less expensive  couplers. 

Use  standard  operating  systems. 

Simplify development  of application software. 

Reduce   the   cost   of  building   and maintaining 
a  simulator. 

The computers coupled to the instruments 
and controls, henceforth referred to as ICCs (Instru- 
ment/Control Computers) must be complete computers, 
with a central processing unit (CPU), memory and 
I/O (input/output) capabilities. But they will 
not be the large, cabinet mounted devices, that 
one usually associates with computers. They will, 
with few exceptions, be contained on a single 
chip and they will be identical. The difference 
will be the program within them. A subsequent 
section provides more detail on the characteristics 
of these computers and the method used to communicate 
between them. 

ICCs driving instruments will primarily format 
and convert the data as received from the central 
computer and directs it« output to the instrument. 
They may also provide some of the more rudimentary 
simulation. For example, the ICC driving a heading 
indicator may provide a dampening or coasting 
effect. This would lower the num' er of updates 
required by the central computer but would maintain 
smoothness and accuracy. Another such situation 
would be the ICC monitoring the control yoke/stick. 
In present simulator design the central computer 
periodically polls the control and receives back 
a set of values indicating its present position. 
An ICC would monitor the position constantly and 
periodically report back rot only its position, 
but could easily determine and report the amount 
of change, direction, and velocity. These values 
are  now computed  by  the  central   computer. 

An even higher level of simulation could 
be nandled by the ICC provided t.iat the function 
to be simulated is relatively isolated. Take 
again the example of the TACAN mentioned earlier. 
Alnost the entire simulation problem for that 
device could be handled by the ICC. That ICC 
coula monitor the channel selector input, determine 
the position and characteristics of the transmitter 
from a table stored in its own memory, compute 
bearing and range, and drive the indicators. 
The only requirement of the central computer in 
this case would be to periodically transmit the 
aircraft's  position and  altitude   to  the   ICC. 

The   rest   of   this   paper   explores   a  method 
of  doing just  that. 

Put simply, it is to attach and devote an 
entire computer to each major instrument, each 
major control, and each group of minor instruments 
and controls in the cockpit. Such a computer 
would directly move the indicators on an analog 
instrument based on digital data pasued to it 
from a central simulation computer. Anothei vouM 
constantly observe ;he position of an analog control 
and periodically send information concerning it 
to  the  central  computer. 

Each of these computers would be complete 
in itself, independent of the otters, and dependent 
on the central computer only for data. Data passed 
between the computers would be, of course, in 
digital format and expressed in units that the 
simulation proram naturally deals with. 

Although this paper is primarily concerned 
with analog functions, it should be mentioned 
that this concept is just as applicable to discrete 
functions. That is, an ICC can handle switch 
inputs and discrete outputs as well it can analog 
values. The major benefit in this regard is that 
the ICC can poll the discrete devices tor input 
and only report changes to the central computer, 
thereby relieving the central computer of a time 
consuming   task. 

Advanja&ej 

There  are many. 

Lowe,r Processing LSi&£ • Tne ma in one , a I ready 
treated, is to simpli'y &nd reduce the processing 
required of the mjin computer. This will not 
be dwelt upon further except to say that the processing 
load will   be  a  small   fraction o,   what   it   is  now. 
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Modularity. Another important benefit revolves 
around the concept of modularity. For purposes 
of this discussion let us define modularity as 
that quality that permits us to add, delete, or 
modify pieces cf a system without effecting other 
pieces, or the system as a whole. Perfect modularity 
is never achieved in any system that has interrelated 
components, but modularity is generally achieved 
to  some degree. 

The benefits of modularity for a system such 
as a simulator reside on two areas. The first 
is cost of modification. If one can add, change, 
or delete a component without worrying about what 
effect such a change will have on other parts, 
the cost will be much less than it might otherwise 
be. This is generally accepted and will not be 
elaborated. 

The second major benefit of strong modularity 
is simpler system integration. The more modularity 
that the designer can achieve the less concern 
he will have with interference, timing constraints, 
resource conflicts, and the like. Also the system 
implementor will have to spend less time testing 
the system to verify with confidence that it performs 
as intended. All of this translates directly 
into lower total costs. This author's primary 
professional activity for the last ten years has 
been in the design and implementation of various 
large, real-time, process control systems. It 
has been his experience that approximately one 
third to one half of the total system development 
effort has been in the integration and testing 
phase. 

A few words should be said about the capacity 
and power of these computers. The ICCs as envisioned 
here have mc lest capabilities compared to those 
driving most simulators today. However, they 
are quite comparable in power to thi,.se available 
iust a few years ago. And when one considers 
that -*hey will be required to handle just one 
or a few functions, their speed and memory capacities 
will be more than adequate. Ard although it is 
envisioned that all ICCs will be alike, they need 
not be. A more powerful version could be inserted 
to handle a particular cockpit device. It? only 
requirement is that it observe the same communications 
protocol. 

Communicat ion. 

Several references have been made to passing 
data between the ICCs and the central computer. 
Without a consistent and well thought oat convention 
in this area all the benefits mentioned above 
will  not  accrue. 

There   «re   several   ways   that   the ICCs   and 
the central computer can be  linked.     The  one mentioned 
here  appears  the  least  costly and  easiest to  imple- 
ment . 

The method presented here is simply the serial 
linking (daisy chain) of all the ICCs on a single 
line from the central computer (figure 2). The 
electrical standard is a subset of the common 
commercial RS-232. The ICCs are arranged in a 
loop network, where the input line of an ICC is 
connected to the output line of the upstream ICC. 
The input line of the first ICC is connected to 
the transmit line of the central computer's serial 
port arxl the output line of the last ICC is connected 
to the receive line of the port. Salient features 
of   this   scheme  are: 

If one can d-vote &a entire computer to one 
instrument or control, many integration problems 
are not just solved, they simply do not exist. 
For example, if one can program one of these computer, 
to drive the TACAN display, one can test the function 
by sending the present aircraft position and altitude 
to it and observe the display. It makes no difference 
whether the program was written by a novice or 
an experienced programmer. It makes no difference 
what the make or model of the central computer 
is. The system designer does not have to be concerned 
about how much of the total processing time or 
the total memory that the TACAK simulation routines 
will consume. In fact, it makes no difference 
what aircraft is being simulated. It will function 
the same in any cockpit simulator that has that 
particular TACAN. 

Also, if the TACAN display in the simulator 
is changed for any reason, only the progism in 
the ICC driving it need be replaced. Such changing 
will have absolutely no effect on the central 
computer or its program. Its a Ut«r section it 
will be shown that in some cases it will also 
be possible to add instruments to the cockpit 
without modifying the central computer or its 
program. 

Data would remain in binary format, preferably 
in the same notation used by the central 
computer's main  simulation  program. 

Dat would be packaged in messages. Each 
message would have .. header containing an 
address, message identifier, length indicator; 
the data of interest; and a trailer containing 
a sirple checksum or other error checking 
mechanism. 

Messages from the central computer to the 
ICCs would be either of a broadcast nature 
(with data of interest to more than one ICC) 
or would be addressed to a particular ICC. 
The address of the ICC would be its position 
on the chain. If an instrument and its associated 
ICC require only broadcast data, it could 
be added to the cockpit without modification 
of  the  central  computer. 

In this scheme the central computer would 
initially transmit a mescage to the first ICC 
en the chain. The ICC would immediately retransmit 
it to the next station downstream, no matter what 
message it is or for whom it is intended. Each 
of the ICCs would do this with every message no 
matter what positiou it held in the chain. As 
part of the retransmission an ICC would decrement 
the address. After the retransmission vis complete, 
the ICC would look at the address. If the address 
value is aero, the ICC would know 'ha: the message 
was   intended  for   it   and would act   upon  it. 
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Figure 2.    Multi-Microcomputer Simulator 
Architecture 

The retransmitted messages would eventually 
get back to the central computer which could be 
coapare them with what had bee.i sent. This is 
tb^ most foolproof of error checking schemes. 
This might be useful in some very critical applica- 
tions, but the communication environment inside 
a simulator is quite benign and communication 
errors are not   likely  to be a problem. 

ICCs wishing to originate messages on this 
net would simply transmit them whenever they are 
not retransmitting other messages. The initial 
address word in this case would be zero. By the 
time the message reached the central computer 
the address slot would have a negative vrlue corre- 
sponding to the ICCs position on the net. This 
technique eliminates the complication of a master 
ICC on the  net   te  arbitrate  requests. 

Part of the communications software package 
in each ICC would be a watch dog timer that would 
originate a trouble message if it had not received 
A message within a specified period of time. 
Whenever such a message were received by the central 
computer, it would know and could inform an operator 
that an ICC had failed, and frou the address value 
of the message could determine which ICC had failed 
(it is the one upstream from the ICC thit reported 
it). 

This communications scheme has several inter- 
esting characteristics: 

&JJUÜ JULiJLy. ♦ 1* uses the most common and 
universal electrical protocol. It is familiar 
to most programmers and engineers and is supported 
by virtually all  existing  operating  «ystem*. 

Speed/Capacitv. As networks generally go, 
this method is not conducive to moving great amounts 
of data quickly. But it should be adeqv \te for 
this application. To demonstrate this let us 
look at what a typical communications load might 
be.    Let us assume  that: 

The transmission rate is 188 kilobaud. The 
ICCs as described later can obtain this rate. 
With 10 bits per character we have a character 
rate of  18,800 characters/second. 

The central computer, running the main flight 
dynamics package, broadcasts a message containing 
key data such as current altitude, speed, 
heading, pitch angle, roll angle, vertical 
speed, angle of attack, and X-Y position 
five times a second. Each of these values 
can be held within 32 bits. The entire data 
portion of the message would then be 288 
characters. With header and trailer characters 
let's assume this message to be 300 characters 
long. 

The ICC monitoring the yoke/stick and rudder 
pedals reports position, delta position, 
and velocity of each of these controls 20 
times a second. Each of these values can 
be held in 32 bits. The data portion of 
this message would then be 192 characters 
long. With the same header and trailer the 
entire message would  use  204 characters. 

The remaining traffic would reflect asynchronous 
events such as the pilot flipping switches 
or the central computer lighting various 
indicators. Let's assume that this information 
requires  100 characters/second. 

be: 
The   total   communications   load  would   then 

(300*5)  ♦  (204*20)  ♦  100 « 5680 chars/second. 

At first glance it may appear that the time 
required to retransmit a message will cause significant 
delays. If it takes 100 ricre seconds to relay 
a word in each ICC, the first word of a message 
will reach the 10th ICC in one mfllisecond. This 
is not significant in light of the bisic transmission 
rate. 

A multi-drop network cased on a high speed 
bus, such as Xerox's Ethernet, could also be used. 
There would be no ret ranstiiss ion delay and the 
capacity would be higher a. would the cost of 
hardware and software needrd to support it. From 
the viewpoint of required capabilities, such an 
effort   does  not  appear  to be  justified. 

Kel iflbil u y. Stringing all the ICCs together 
in serial fashion has the inherent drawback that 
the failure of one of the* will effect the whole 
system. Generally system designers avoid such 
situations. But the simplicity of the ICCs will 
provide high inherent reliability in each of them, 
the high modularity of the system will make them 
easy to replace, ard the failure reporting mechanism 
mentioned above will pinpoint the failed unit. 
Based on this the complication and expense of 
a less vulnerable scheme does not appear to be 
warranted. 
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Xhe Computer. 

In order to make this whole concept viable 
chs computer on which the ICC is based must De 
very small, very reliable, and very cheap. Tne 
historic trend in computer development has be>T. 
in ihis direction. But only recently has development 
cone to the point where it is viable to devote 
an entire  computer  to each  instrument. 

The forerunner to the computer to be used 
here is the microprocessor. This had a very signi- 
ficant impact on the industry and in the world 
in general. The most notable result is the home/hobby 
computer. Capable as they were, microprocessors 
usually consisted of a CPU only and required signi- 
ficant support circuitry in the form of clock 
chips, I/O chips, interrupt chips, memory and 
the like. Now development has reached the point 
where all of these functions are combined 01 a 
single   low-cost   chip. 

These chips are just now hitting the market. 
Zilog, Inc. offers the Z8, Intel hdS the MCS-51 
series of chips, and Texas Instruments will be 
offering such a chip sometime in 1982. Of the 
two currently available, the Intel offering is 
newer and has more of the capabilities required 
for this application. Some of its important character- 
istics  are  indicated below: 

Four KB(kilobytes) of on-chip memory. 128KB 
addressable memory using  auxiliary chips. 

Single   5-volt   power  source  required. 

Five interrupt sources available with automatic 
interrupt vectoring. Two t.-vel int^-rupt 
priority. 

Two   interval   counter/1 iraers . 

rl«STKUIKNT "\ ... ' 
i(| CONTROL J [ [—| 

'    ir.TRUM£NT      \ 
\    CCNTROl , 

I - 

IKOUSTRY 
STtHOARD 
»SYNCHRONOUS 

COMMUmCATIO«. 
THROUGHOUT 

ICC* l«ST« UME ITT  COUTH OL 
COMTUTER 

Fu;urv   3.     Modular Cockpit   Simulator 
Architecture 

There is a movement in the simulator world 
to expand the instructional features of simulators 
to include scenario generation, performance evaluation, 
graphic displays, briefing/d°briefing, replay, 
record keepirg, and the like. Such facilities 
usually require separate computer systems. An 
interface mechanism based on the concept outlined 
in tnis paper would permit the addition of these 
facilities wit'icut serious impact on the rest 
of the system. That is, it would be possible 
to exchange simple IOSs with sophisticated ones 
or vice versa, depending on the role of the simulator, 
features  desired,  availability of   funds,  etc. 

SUMMARY 

All   iimer,   interrupt   support   functions, etc    on 
board   the  chip. 

Built-in  serial   input/output   line       3t? discrete 
input/output   lines. 

Very powerful  processor  that   includes: 

Hardware  multiply/divide   (four  micro- 
second») . 

Four sett of eight general purpose registers. 

Stack  instructions. 

Multiple addressing modes. 

Boolean  subprocessor   for  bit  manipulation. 

Less  than  $25   in  «ingle quantities. 

FUTURE  EXPANSION 

This concept can t>e quite easily expanded 
to include more ttun just the devices in the cockpit. 
Visual system«, motio. platforms, and instructor/oper- 
ator stations (IOSv could be included on the same 
loop (fig. 3) or a separate loop. This would 
establish a de facto standard interface for these 
component» to wbicn manufacturers of these major 
subsystems could design. 

Once an ICC is built, programmed and attached 
to an inptrument, it is a part of that instrument 
forever. It can be used without modification 
jo any simulator. On the other hand a modified 
ins ■ rument/ICC can replace an existing one without 
effecting  the central  computer  and   its  software. 

The strong modularity inherent in this approach 
simplifies system design, eases system integration, 
and reduces required testing. The simulation 
and other processing performed by the ICC* will 
greatly reduce the processing load on th* central 
simulation computei . 

The ability to interface dissimilar subsystem« 
will permit the system designer to pick and choose 
major components from different manufacturers 
to make up a training system labored to its functional 
role. 
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ABSTRACT 

*This paper provides an evaluation of computer configurations that might be app]ied to a 

single large simulator or a cornpl ex of simulators. The analysis indicates that minicomputers 

or the recently introduced super minicomputers offer the best approach to implementation of 
most simulators. The very large computer designed for high throughput in a multiprogramming 

environment is not cost effective for the simulator application, and the yet unsolved problems 

in partitioning the simulator computations for use in a distributed microprocessor network 
outweigh the saving in hardware cost. More importa.it then the results of Mv s study is the 

method of analysis developed for evaluation of computer configurations in simulator systems. 

The procedure presented can be used to address other configurations and different values of 
such variables as reliability, mean time to repair and cost. The method is recommended for 
use in evaluating computer implementation for specific simulator 

INTRODUCTION 

The need for a broad analysis of computer 
architecture is the result of procurement under 

Office of Management and Budget Circular A-10°. 
This procurement procedure gives vendor;, a ta.der 
latitude in proposing innovative systems. At the 
same time, it places upon the government a 

requirement to evaluate these proposals to 
determine which vendor's approach is best. The 

purpose of this study is to provide reference 

material and guidelines in one of the critical 
areas (computer systems) to be evaluated. Although 

the specifics i/sed in the example are taken from a 
specific trainer, the approach is applicable to 
flight trainers in general and the ideas are 

related to any kind of trainer. 

This study addresses the problem of what 

computer configuration should be used in the 

computer complex for a multiple-cockpit flight 
trainer. It consider? the characteristics or each 
generic class of computers, with no attempt made to 

assess the advantages and disadvantages of the 
manufacturers' products within the class. Computer 

architectures for performing the computation and 

control functions required are evaluated to 
determine the advantages and disadvantages of each. 

Cockpit Configuration 

The baseline cockpit configuration selected 

r the analysis is the representative simulator 
suite described by the VTXTS technical team [1J. 

This training suite consists of six Cockpit 

Procedures Trainers (CPT'S), fifteen Operational 
Flight Trainers (CFT'S) without visual systems, 

nine OFT'S with visual systems, and six Air Combat 

Maneuvering Trainers (ACKT'SK The total training 
suite i. divided into three identical cockpit 

arrangements. Figure 1 shows one of these 
divisions with its computer complex. 

COMPUTER PERFORMANCE 

Assess'r>c .HI computer system's ability to solve 
a problem ..* a critical part of evaluating various 

computer arcnitectures. The method selected is to 
specify the problem to be solved by the computer 

complex in terms of computer performance, number of 

procurements. 

JK 

FX 

Figure 1.  VTXTS Cockpit Arrangement 

instructions to be executed during a given time, 

and storage requirements. 

The capability of a given computer to solve 

the problem is based upon an A.erage Instruction 

Execution Time (AIE"P, a figure of merit determined 
by the hardware instruction execution times of the 

instructions weighted by a per cent se factor. 

Two sets of weighting factors were used, one for 
Operational Flight Trainers (OFT's) and one for 

Weapon System T-ainers (WST's)« based upon a 

composite of actual instruction counts from several 
existing 0FTiS and WST's. 

Table 1 shows AIET's for various computer 
systems for the two instruction mixes. Results for 

the minicomputers (Digital PDP 11/70, Systems SEL 

??/77, and Perkin-Elmer PE }2U0) are tak^n from a 
report [?], The performance of the other computers 

is estimatel by comparing their speed to t'..e sp^ed 
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multiple I/O channels and sophisticated operating 
systems designed for the multiprogramming 
environment. Normally, the operating system for 
the large computer is not designed "or time 
critical tasks in the franr* considered in real-time 
flight simulators. 

STORAGE AND PROCESSING REQUIREMENTS 

The storage and processing requirements shown 
in Table 3 were derived from available data on 
trainers in the Navy inventory. This table 
provides a summary of the minimum and maximum 
storage and processing requirements for each type 
of simulator and shows the processing and storage 
requirements assumed for this analysis. The 
complete data from which this summary is made are 
available in a report [5]. 

of the minicomputers for a subset of the total 
instruction repertoire. The Amdahl computer 
performance is estimated from the ratio of ADD and 
MULTIPLY instruction execution times on the Amdahl 
U70V/7 [31 compared to those of the minicomputers. 
The performance of the microcomputers (Motorola 
MC68000, Zilog Z8000, and Intel 8086) is estimated 
by comparing the instruction execution speeds given 
in a comparison of the microprocessors [4] to the 
minicomputer instruction execution speeds. 
Capability of the newest entry (System 32/87) is 
estimated from the ratio of performance on the 
British V.^ietstone benchmark program for the Model 
32/87 and the Model 32/7 f given in the 
manufacturer's data sheet. 

Computer Classes 

The computers considered have been >'iv:' 
into   four  classes  (Large  Computer, 
Minicomputer, Minicomputer, and Microcomputer) 
en  appropriate execution speed has been assigns 
each class.  The computers are  divided  into 
classes, because the purpose of this study is to 
determine computer configurations in terms of these 
classes and not to distinguish between the products 
of various manufacturers within a class.  The 
AIET's shown in Table 1 were converted into the 
nominal instruction execution speeds for each class 
shown in Table 2. 

The distinction between the Large Computer and 
the Super Minicomputer requires some explanation. 
Although tne examples presented differ in 
computation speed, this is not the criterion that 
distinguishes the two. The sup^r minicomputer is 
an improved 32-bit minicomputer with an 
architecture which results in 3 MIPS or greater 
speed in executing instructions. The large 
computer is one designed for use in multi-us^r 
environments, both data processing and scientific 
computation. It has a high-speed arithmetic 
capability, but it also has features such as 

TA«LR   ?.      COMPUTER    ■»PAPILlT!E.r.   USEP   IN  ANALYSIS 

--•--•       • -     -         — . . 
COMPUTER   :YPK ■APAPILITY 

' 10'^n   Instruct ions Sec onrf*               : 

Large  Conputer 16.000 

lini^ompu*»r 900 

Super  minicomputer 'i.OOO 

Microcomputer ?oe 

:            ■ '." 'LAI >• 
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COMPUTER CONFIGURATIONS 

Tne computer system for a CPT is usually a 
single computer/processor configuration with 
private memory, peripheral equipment, mass storage 
memory and cockpit input-output conversion 
equipment (linkage). The computer sytem of a 
modern OFT or ACMT is usually a multiprocessor 
configuration with private memory, shared or common 
memory, peripheral equipment, mass storage memory, 
and cockpit input/output data conversion equipment. 
This system is typical of the conventional 
master-slave computer system configuration [6,7). 

For a complex of trainers, the designer has a 
much wider choice of computer arrangements. The 
configurations considered range from a single large 
computer to a distributed system of 38 
microcomputers. In a multiprocessor configuration, 
one processor is designed as the master unit which 
controls the training system. The mdSter processor 
usually contains the softwar? for instrjetor 
station functions, data recording/playback, 
simulator modes of operation. The slave processors 
contain the software for flight, engines, 
accessories, communicationr/navigation, weapons and 
all the ether simulation functions. 

Minicomputers 

Two different minicomputer configurations are 
considered in this analysis. The simpler in terms 
of implementation is shown in Figure 2. This is an 
attempt to use a one-on-one match of computer to 
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Super Minicomputers 

Figure 4 shows a Super-Minicomputer 

configuration for the cockpit complex. Use of 
Super Minicomputers is attractive because, unlike 

the large computers described next, the Super 
Minicomputer provides a greater increase in 

processing capability than the increase in cost. 

The reason for this Lü that the major additional 
cost is in the tvgh-speed arithmetic element rather 

than I/O devices or sophisticated hardware for 

improving the computer's performance in a multiuser 
environment. 

OFT 
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Figure 2.  Dedicated Minicomputer Systems 

cockpit, modified to take care of gross mismatches 
in the simulator requirements and the computer 

capabilities. For the OFT's the match in 

capabilities and requirements allows the one-on-one 
arrangement. Since the CPT's use less than half of 
the capability of a single computer, one computer 

is used to drive two CPT's. The ACMT 

implementation introduces the opposite problem. 

Since a single computer does not have enough 
capability to perform tv computations required, 
two computers must be user ,ur each ACMT. 

The alternative to a one-on-one arrangement is 

to use multiple computers to drive multiple 
cockpits. Figure 3 shows this concept applied to 

the entire complex of cockpits. TMs results in 
considerable saving in the number of computers 
required, reducing the 13-computer configuration 

shown in Figure 2 to only 8 computers. The 

disadvantage of this approach is an increase in 

software cost and complexity. 

MiNi 

Figure 4.  Super Minicomputer Configuration 

Large Computers 

A single large computer can be use., to perform 

the required computations for the whole cockpit 

complex. The major effect of using a single large 
computer is a decrease in total availability of the 
syst?m. 

A major drawback in using a large computer for 

the simulator complex is its cost. In general, the 
cost of a larger, faster computer ?,rows more than 
linearly (i.e., a computer ten times as fast 

usually costs more than ten times as rauch). For 

example, the Amdahl U70V/7 costs about 25 times the 
price of a Perkin-Elmer 32^0 [31 but has only a 20 
to 1 advantage in computation speed. Use of a 

large computer cannot be discarded in all cases, 
but this type of architecture does not seem to 

provide any advantage in the the present 
application. 

figure 3.  Shared Minicomputers 

Mi crocomjputers 

A microcomputer configuration for the cockpit 
complex is shown in Figure S. Use of multiple 

microprocessors offers saving in hardware cost over 

the use of larger computers, r mmer and Wyndle [81 
estimate the cost of a microprocessor OFT to be 

little more than one-Mlf the cost of an DFT 
implemented with minicomputers. Their analysis of 
life cycle costs shows a similar saving in software 

and maintenance costs. Tndeed, the multiple 

microcomputer network provides a number of 

advantages over other approaches.  "-iowever, these 
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significantly reduces the system data bus 
bandwidth requirements and the likelihood 

of bus contention. 

c. The processing frame scheduling (unique to 

real-time sampled data processing) is 
carried out by the control processor. 
Groups of microcomputers are scheduled 

according to the processing required in a 
given frame time. All interprocessor 

communications are controlled by the ATM 

which 12  stored in a PROM. 

The microcomputer configuration is interesting for 

future applications, but the research program has 

not yet provided the answers needed to use this 
approach on a simulator procurement. This 

configuration is included in the evaluation with 

the high risk of such an approach made part of the 

analysis. 

EVALUATION OF CONFIGURATIONS 

• '■"'. ' K;  ■        M, ^'  ; 

Figure 5.  Dedicated Microcomputer Systems 

advantages are outweighed by its cne 

disadvantage—such a system has not yet been 
developed. Use of multiple microcomputers is 
likely to result in high development costs and an 

associated high risk in added cost and in schedule 

slippage. 

The developmen* cost and high risk o,r a 
microcomputer system result from problems that must 
be solved in order to use multiple microcomputers 

effectively. Three major steps must be taken in 
order to take advantage of the inherent parallelism 

that exists in many ipplications. 

a. Partitioning of the problem into disjoint 
tasks . 

b. Provision for centralized control. 

c. Development of a run-time structure which 
provides for the passing of system 
parameters between tasks and/or processors 

while preserving precedence. 

NAVTRAEOUIPCEN  has  conducted  an active 

research program in this area since 197^ [9,10]. 
Implementation problems which have been solved 
include: 

a. The development and demonstration of a 

control algorithm for "N" microcomputers 
embodied in hardware, firmware and 
software. This control algorithm is 
identical in each microcomputer and 

functions as an applications task manager 

(ATM) for distributed control. 

b. The development and demonstration of ? 
distributed cache concept whereby the 
address space of a shared (common) memory 

is distributed among each applications 
processor. Data and parameters to be 

passed to various processors from '.er 

processors are broadcast globally on the 
system data bus but are read locally in 
each processor in a parallel manner.  This 

Availability 

The inherent availability of a system is the 

probability that the system, when properly used and 

adequately maintained, will operate satisfactorily 
at any point in time. This definition excludes 

preventative maintenance actions, logistics supply 
time and administrative downtime. The inherent 

availability is expressed as: 

MTBF 

: MTBF ♦ MTTR 

where MTBF is the mean time between failures for 

the system considered, and MTTR is the mean tii.ie to 

repair a failure. 

Availability of the simulators for training is 
a major consideration in the system design. For 

this analysis each simulator is assumed to consist 

of a cockpit, an instructor station anu that 

portion of the total computer system required to 
make it work. The reliability and maintainability 

numbers used in this analysis are given in Table 4. 
The inherent availability is shown in Table 5. 

Maintenance 

Maintenance of the computer system includes 

bofh hardware and software. At the level of this 
analysis, the distinction between contract and 
in-house support in either area cannot be rade. 

Such a determination will require further study 

after a computer configuration is determined. A 
ha "aware cost estimate of one per cent of' the 

Initial cost of the equipment per month is used for 
this analysis. This estimate is derived from a 
study of maintenance contract charges for several 
vendors. 

An exception is made in the case of the 

microprocessor system, for which vendor maintenance 
is not available. The cost of maintenance for the 
microcomputer system (except for the peripherals'» 

is estimated at two per cent of the hardware cost. 

Peripheral maintenance is estimated at one per 

cent, just as in the othor configurations. 

The ec-3t of thin software support is estimated 
to be ten per cent of the initial software cost per 
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TABLE fc.  RELIABILITY AND MAINTAINABILITY VALUES USED IN ANALYSIS 

FAILURES 
"ER 1000 
HOURS 

Cockpit 

Instructor Statl-.in 

Large Computer 

Large bomputer 

iwith redundancy! 

Super Minicomputer 

Super Miniooputer 
with redundancy 

Minicomputer 

Minicomputer 
■ rfttsi redundancy' 

MTBF 

Hours) 

son 

2.000 

50 

50 
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.   Ea''h   rnckpit    "•  Re lun' 
. Qüt-'. 

. '•)') 1 > .JRCU            : 

.QV>5             : 

:   Shared    rorrruters  w:'-.  Mir. 
:   Har.iw.ire 

:   Ha"-Jware     with  redun-i.wy ' 
.')<)►,' .Q'j;--            ; 

:   Su; ^in-.-.Vn^er, . 30' • 

.«1 

.,>, 

j:::;:;:::;::   : :::   :::   ::: 
:   Mi -.^..^p.j.-v. . ]■! ■ - •'*" . ;-■•'■ 

year. This estimate is based loosely on the work 
of Putnam and Wolverton [11], which finds that 
support costs are 150 per cent of the acquisition 

cost for most software systems. For the simulator 

application, which should require less support than 
a data processing application, this cost factor is 
estimated to be less than the normal amount. 

Therefore, the software estimate used in this 
analysi" is 100 per cent of the acquisition cost, 

or ten per cent of the acquisition cost per year. 

Expandabi1i ty 

Expandability will he considered in three 

parts: (1) an increase in the capability of each 

individual simulator, (2) the addition of one 

complete cockpit to the system, and C\) the 
addition of two cockpits to the system. 

Minicomputers. A reasonable increase in 
capability for each cockpit requires no change in 
the minicomputer implementations considered, 

because a :»p«.re capability Is built into the 
computer requirements. An increase that exceeds 

the spare capability provided presents a severe 

problem. In the implementation shown in Figure ?, 
such an increase can lead to doubl Ing the number of 

computers required. Those confi 
multiple computers to drive mu 

much less sensitive to increases 

In a multiple computer config 
spare capacity of the computer s 

for a single change. If a 

addition of a computer, the enti 
added is available to all Simula 

gurations that u3e 
ltiple cockpits are 

in requirements, 

uration, the entire 
ystem can be used 

change does require 

re spare capacity 
tors as needed. 

An increase in the number of cockpits is a 
simple change for the configuration shown in Figure 

2. An added cockpit requires the addition of a new 

cockpit and an associated computer, an addition 
that is totally independent of the existing system. 
Addition of another cockpit is the same. For 

multiple computer configurations, the addition of a 
cockpit can be achieved by adding another computer 
to the network and making the appropriate 

programming changes. The major difference is that 
the total system software must change and that some 

lost time will be encountered in introducing a new 
system on a shared computer complex. 

Large Computer. For the system using a single 

largü computer, any addition up to the capacity of 
the computer i.i a relatively simple change. Since 
all spare capacity resides in one computer, a 

change may make use of the entire spare capability. 
When an addition exceeds the capacity of the 

computer, a serious problem is encountered. A 

choice must be made to add a second very expensive 
large computer or to add a stand-alone 

minicomputer. The use of a minicomputer may reduce 
the cost of the addition, but it adds to the 
maintenance problem by introducing a different type 

of computer with associated problems in spare 

parts and in training requirements. It complicates 
the software maintenance problem, even though the 

computer program is written in a high-level 

language. The software personnel must learn a new 
operating system and 1/0 handlers and the 

idiosyncrasies of the high-level language compiler 

for the new machine. 

Super-Minicomputer. The expandability for the 

super-minicomputer configuration is very much like 
the situation with a large computer. A single 
computer handles several cockpits, making an 

addition in the computation load up to half the 
spare capacity of the system relatively easy. 

However, any expansion greater than that requires 

addition of new, relatively large computer. 

Microprocessor. The microcomputer 

implementation offers the easiest expansion. The 
modular nature of the system allows ny change to 

be made with a minimum of additional computers. 

LI fe Cycle Co_si 

The life cycle cost model considers only those 
elements associated witn the computer 

configuration. The items used in the simplified 
life cycle cost model «re derived below. 

Hardware Cost. Hardware costs used in the r-ojt 

model are showy, in Table 6. The computer prices 
are based upon nominal prices for each class of 
computer with memory and peripherals. These costs 

are based on list prices contained in a standard 
reference H] an<* on information supplied bv 

various vendors. Costs for an actual system might 

vary considerably because of Original Equipment 
Manufacturer  (PEM^  agreements that  a simulator 
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TABU  ft.     HARDWARE  COST  KST'MATKS  USET)   !N  ANALYSIS 

COMPUTER   TYPF COST                                         : 
tlOOO'S)                                 : 

:   Microcomputer '4                                       : 

:  Minicomputer 140                                       : 

:   Super minioomputer 350                                       : 

:   Large  Computer 2,350                                       : 

:   Memory  Bank so 

simulator vendor might have with the computer 
manufacturer. However, the costs are considered 
reasonable for the purpose of comparing the 
different configurations. 

Table 7 shows the life cycle cost for each 
major item for each configuration considered. The 
hardware cost is taken directly from Table 6, with 
the following exceptions: 

a. Cost for a second large computer is 
reduced by 20 per cent, because a complete 
set of peripherals is not required. 

b. Cost of a set of peripherals is sdrtpd to 
each microcomputer system. This cost is 
estimated to be $40K per cockpit. 

Software Costs. Software costs are more 
difficult to estimate. The basic software cost is 
estimated by determining the program size and 
applying a cost factor based only on the number of 
instructions. The software cost for each different 
configuration is determined by modifying this basic 
software cost to account for  any  additional 

complexity in the software due to partitioning the 
program to be executed so that it can be run in a 
multiprocessor environment. 

The following assumptions are made in 
determining the basic software cost for each type 
of trainer: 

a. FORTRAN is the source language. 

b. The FORTRAN expansion ratio is 4 machine 
instructions/FORTRAN statement. 

c. Programmers will program at a rate of 2000 
statements/year including design, code, 
and checkout. 

d. Labor costs are $90,000 per nian-ye&r. 

e. A CPT has a 24K word program or' 6K FORTRAN 
statements. 

f. An OFT has a 64K word program or 16K 
FORTRAN" statements. 

g. An ACMT has a 96K word program or 24K 
FORTRAN statements. 

The basic software cost computed using these 
assumptions is given in Table 8. This gives the 
cost of programming for each type of simulator when 
the program is executed entirely within one 
computer. 

Many of the configurations considered require 
some partitioning of t.je problem to allow it to be 
solved in a multiprocessor syLtem. The following 
assumptions are made about the increase ir. software 
complexity due to partitioning. 

TABLE 7.  LIFE CYCLE COST OF VARIOUS COMPUTER CONFIGURATIONS 

CONFIGURATION 
COST   ($1000)                                                                              : 

HARDWARE 
ACQUI- 
SITION 

SOFTWARE 
ACQUI- 
SITION 

ANNUAL 
SOFTWARE 
SUPPORT 

ANNUAL 
HARDWARE 

MA INT. 

10  YEAR 
TOTAL 

3 SYSTEMS 

20  YEAR       : 
TOTAL         : 

3 SYSTEMS   : 

:   Separate  Computer Systems 
:   Each Cockpit 

:   Separate  Computer  System 
:   Each Cockpit   (W/Redun) 

1.920 

2,060 

2,297 

2,297 

230 

230 

230 

247 

17,266 

18,190 

26,475     : 

27,903     : 

:   Shared  Computers with Min. 
:   Hardware 

:   Shared  Computers with Min. 
:   Hardware   (with redundancy) 

1.370 2,545 

2.545 

255 

255 

164 

181 

14,132 

15.056 

21,609    : 

23.307    : 

:   Separate  Computers  for  All 

:   Separate Computers  fo"  All 
:       (with redundancy) 

:   Single Large Computer 

:   Single Large Computer 
:       (with redundancy) 

700 

1.050 

2,300 

i», mo 

2,070 

2.070 

2,070 

2,070 

207 

207 

207 

207 

84 

126 

276 

497 

8.760 

11,070 

19.320 

31.464 

13.350    : 

16,920    : 

29,670    : 

43.438     :' 

:  Microcomputers 
: :::::::::::::::::::::::::::::: 

592 3,737 371 89 11.928 18.344    : 
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TABLE 8.  SOFTWARE COST ESTIMATES USED IN ANALYSIS TABLE  9.   SOFTWARE   "OST  FOR   VAUiHJS  CONFIGURATIONS 

TYPE EFFORT COST                   : 
(1000'S)            : 

CPT :                     3 MY 270                  : 

OFT 8 MY 720                  : 

ACMT 12 MY 1080                : 

a. The program size increases by ten percent 
for each separate computer system over 

which the simulator software is 

distributed. 

b. The software development effort for a 

partitioned program grows as the square of 
the increase in program size. 

The first assumption is an estimate of the growth 
in program size due to increased need for control 
and communication between program modules. The 

second is based upon the added complexity of the 
program because of the partitioning. The penalty 
for partitioning may appear to conflict with the 
advantages generally attributed tc modular 
programming. However, reca'1 that the partitioning 

is not simply dividing the computation into 

manageable parts as d me in modular programming. 

The partitioning of the simulation program to allow 
sharing among several computers requires concurrent 

program execution and the use of shared storage. 

The method used to estimate the added 
complexity due to partitioning the program is ti 
assume tnat the number of intercommunication 

elements grows linearly with program size and that 

program complexity (and the associated cost of 
developing the program) is proportional to the 
number of intercommunication paths available. 
Assume the program without partitioning has some 

number of intercommunication elements N. Then ehe 
number of paths between elements is N(N-1)/2. Tf 

the program size, and thus the number of elements 
increases by a factor of k because of partitioning, 
the number of paths becomes kN(kN-1)/2. Thus, the 

number of intercommmunication paths, and therefore 

the complexity, grows as the square of k. This is 
the factor used as a measu.-e of the programming 

effort required when a program is partitioned among 
several processors. 

Table 9 3hows the number of partitions used in 
each configuration and the resulting software cost. 

The partitions were determined by dividing the 

computation problem among computers such that the 
computation rate limits were met and the number of 
partitions was minimized. 

Support Cost. Annual support costs are shown 

in Table 7. The c-st for hardware support is 
estimated as one per cent of the initial hardware 
cost per month per system. The annual cost for 
software support is estimated as ten per cent of 

the initial software cost. The reason for these 
estimates was explained above in the discussion of 

ma'ntenance. 

:                  CONFIGURATION 
SOFTWARE   FART rioNS SOFTWARE  c: 

($1000) 
)ST   :' 

CPT OFT ACMT 

:   Separate  Computer   Systems 
:   Each Cockpit 

:   Separate   Computer   System 
:   Each  Cockpit   (W/RedutO 

1 

1 

* 

?,t"ii 

:   Shared  Computers with Min. 
:   Bariware 

:   Shared  Computers  with  Hin. 
:   Hardware   [with   redundancyv 

l -, ?, r> y 5 

:   Supe:    ". n : -Computers 

:   Super  Mini-Computers 
:         «:th redundancy 

1 

1 ?,P70 

:   Single   lar^f  Computer 

:   Single  Large Computer 

1 1 

:   Microcomputers > h ,i .,., 

Risk 

Risk in the development of the software is an 

important factor in the choice of an architecture 
for a simulator complex. The single large computer 
presents the lowest risk (provided the initial 

estimate of the computer requirement is not so low 

that it results in the need for an additional 

computer). The risk is low because the problem 

requires no partitioning and the computer has the 

highest flexibility. 

The single minicomputer driving one or more 

cockpits presents the next lowest risk. This 
implementation does not have the flexibility of the 
large single computer, but it requires no 

partitioning of the problem and does not require 
several computers to work together. Multiple 
computers performing the job result in the highest 

risk. The increased risk in a multicomputer 

implementation of the problem is the result of the 
need for partitioning the program among the 

computers and the concurrent, operation of the 
programs with its associated timing and 

synchronization problems. Thus the configurations 

shown in Figures 2, 3 and 5 present successively 
higher risk factors. 

The microcomputer implementation provides the 
highest risk, so high that such an implementation 
is not recommended. Neither the partitioning 

problem nor the control problem has been 
solved—this alone is enough to eliminate the 

microcomputer from consideration. In addition, the 

level of support software available for 

microprocessors is far below what is available for 

minicomputers or large computers. 

ADDING A REDUNDANT COMPUTER 

The computer complex is large enough to 
warrant consideration of a redundant computer to 
increase availability. Each of these 

configurations lends itself to use of redundancy in 
order to improve system availabi1 it* . It is 

assumed in this analysis that the additional 
computers do not interact and that the device for 
switching computers in and out of the circuit ;ioes 
not affect  the  reliability.   Although  these 
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assumptions cannot be realized in practice, the 
effect is minor and does not change the result of 

the analysis. 

The determination of whether a redundant 

computer is cost effective requires the calculation 

of the increased availability the results from the 
addition and the derivation of costs for simulator 

downtime. Assume the simulator system costs shown 

in Table 10. The total acquisition cost for three 
simulator complexes is then $°0 million. If the 

life cycle maintenance cost is assumed to be one 

per cent of the initial acquisition cost per month 
as it was in the computer system analysis (a very 

conservative estimate when the whole complex is 

considered), the life cycle cost for the complexes 
is $198 million. Since this is an order of 

magnitude greater than the life cycle cost of the 

computer configurations being considered, a single 
cost for an hour of lost time applicable to any of 

the configurations can be established. 

:                                                                       :        :.'-K   ' Y '!.R                SAV'.N .                   ■   ■■■     i.          : 

:   ~:i 'h   '-,   icpit                                          :                                                                                                       : 

:   Hartwarc?                                                  :                                                                                                       : 

:   V-.a-tA   Computers   *:♦.*   ":-. .          :               JC -•                          '. "<'                           <■ -              ■ 

:X,..rorc»,r.t*rS                                :         V- 

RELATIVE ADVANTAGES AND DISADVANTAGES 

TYPE COPT 
t 1000*SI 

HARDWARE 
~OST   PER ■OPT   PER 

HOUR 

:  TAL         : 
PER            : 

4PHR           : 

:      err ?.or> '• «0 . 

:         DFT 
:     WO/VISUAL 

If, 30 RP ' 7t"               : 

:       on 
:     W VISUAL 

jOOO :> ""'• 

:       A "MT 60 no *■ J.V 

Tf the simulators are used 52 weeks per year, 

6 days per week, 12 hours per day over a 10 year 

life, on« hour of time on the simulators based on 
first cost is the amount shown in the third column 

of Table 10. The cost of the lost personnel time 

should also be included. On the average, each 
cockpit will have one pilot and one instructor. If 

manpower costs are assumed to De $20 per hour, this 

gives the personnel cost shown in the fourth column 
of Table 10. The fifth column shows the total cost 

per hour of downtime for each type of simulator. 

The lost time caused by computer failure for 

'iach system is calculated from the data used in 

computing the availability. Column two of Table 11 
shows the result of applying the lost time to the 
cost data given in Table 10. This is the cost, cf 

lost time for three configurations of computers 
Table 11 shows the saving achieved by adding a 

redundant computer to four of the configurations. 

No redundancy is considered in the microcomputer 
implementation, because its one-card configuration 

allows changing of the whole computer as the normal 

mode of maintenance. 

Column four of Table 11 shows the life cycle 

cost of adding a redundant computer to each system 
configuration. The saving achieved by adding 
redundancy is greatest for the minicomputer systems 

and not as great for the super minicomputer 
systems. In the case of the large computer, the 

cost of redundancy exceeds the cost of the downtime 

that can be uved. 

The relative ratings of each configuration 
considered in severa] important areas are given in 

Table 12. Availability and cost comparisons are 
based upon data shown in Tables 5 and 7. The 
assessment of expansion capability and risk is 

based upon the discussion given above. 

RECOMMENDED SYSTEM 

The recommended configuration is the one using 
super-fast minicomputers. Thre. computers are 
required, two to handle the computation load and a 
spare computer to increase system availability. 

This syste,., has a cost advantage over a system 

using conventional minicomputers and provides a 
reasonable expansion capability. It is not as 

flexible in adding another cockpit to the system, 

because any addition beyond the capability of the 
two active computers proposed requires addition of 

a relatively expensive computer. 

SUMMARY AND CONCLUSIONS 

This study provides an evaluation of computer 

configurations that might be applied to a simulator 

complex. The computer configurations that have 

been considered give an insight into the effect of 
various computer arrangements in terms of cost, 

maintenance, availability, and risk. More 

important than the numbers themselves is the 
procedure used, because this procedure can be used 

to address other configurations and other numerical 

values for the variable involved. This procedure 
is recommended for use in evaluating more detailed 

implementations provided by contractors. 

The treatment of computers as limited to 

consideration of the general characteristics of 

each generic class of computer, with no assessment 
of specific manufacturer's products. The classes 

considered are (1) large geeral-purpose computers, 

(2) super minicomputers, {}) minicomputers and (4) 
microcomputers. Nine configurations were 

considered, two using large computers, two using 

super minicomputers, rour using minicomputers, and 
one using microcomputers. A summary of the 
tradeoff among the various systems shows the 

relative advantage of each approach. 
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TrtBLF   12.      TRADEOFF  SUMMARY  TABLE 

MINI-COMPUTER SYSTEM 

SEPARATE 
  -|— 
SEPARATE SHARED SHARED SUPER  :  SUPER SINGLE SINGLE MICRO- : 

:     DESCRIPTION EACH EACH MIN. MIN. MINI MINI LARGE LARGE COMPUTER : 
COCKPIT COCKPIT 

W/REDUN 
HDWR H-JWP. 

W.'REDUN 
COM PUTER COMPUTER 

W/REDUN 
COMPUTER COMPUTER 

W REDUN 
SYSTEM  : 

MEDIUM MEDIUM VERY 
:  HARDWARE COST HI OH HIGH MEDIUM MEDIUM LOW LOW HIGH HIGH LOWEST : 

:  SOFTWARE ("OST MEDIUM MEDIUM MEDIUM MEDIUM LOW LOW 

:».»==*«;*,, — ::::: = -:::::: = = :=:=,:;,=; =;==:;=:=: - = = -^ :=:::=:::: ::::-:=:: ««»«Ml ::::::::=:: 

MAJOR («JOD GOOD GOOD GOOD MEDIUM MEDIUM POOR POOR GOOD  : 
"XPANSION 

MINOR FAIR FAIR FAIR FAIR FAIR GOOD POOR GOOD GOOD 

:  SYSTEM AVAILABILITY FAIR 

MEDIUM 

GOOD 

MEPTUM 

FAIR GOOD FAIR GOOD POOR GOOD 

VERY 

GOOD  : 

:  MAINTENANCE/LOGISTIC COST HIGH HIGH MEDIUM MEDIUM LOW LOW HIGH HIGH LOWEST  : 

::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: ---------- :::::::::: ?=:;:=:::: :::::::::: .......... :;::::::::: 
MEDIUM MEDIUM MEDIUM MEDIUM VERY 

:  LIFE CYCLE COST HIGH HIGH MEDIUM MEDIUM LOW LOW HIGH HIGH LOWEST  : 

:  RISK LOW LOW LOW LOW LOW LOW LOW LOW HIGH   : 

Recommended System 

The analysis indicates that the best approach 
to implementation of the simulators is use of super 
minicomputers. This type of computer, now becoming 
available, offers a significant cost advantage over 

used in the most recent 

large computer and the 
found not suitable for this 

the minicomputers 

simulators.    The 
microcomputer were 

application. 

This is not a surprising result. It affirms 

the fact that the multiple-cockpit flight simulator 
is not significantly different from flight 

simulato-s of recent vintage and should be 

implemented in much the same fashion. The 

difference in the recommended system for this 
application is the recent development of super 

mininmputers which provide several times the 
capability of the minicomputers of a few years ago. 
The recommended configuration consists of a super 

minicomputer performing the computations required 
for a CPT, four OFT's and an ACMT. Three computers 
are ir.cluded :n each complex, two copputers to 

share the computation load and a redundant computer 

that can be used to replace either of the others in 

case of failure. This configuration provides a 

significant cost advantage over a system using 
conventional m'nicompute'-s. 

The use of a large-scale, general-purpose 

computer Is rejected, because that approach is more 
expensive than use of multiple minicomputers and 

results in a lower availability. Although the 
lower availability could be corrected by the use of 
a redundant system, the addition of a second 

computer makes the cost tradeoff even less 
attractive.  It  is instructive to \<>ok    at the 

reason for this phenomenon in view of the use of 

large computer complexes for ticket reservation 

systems and other applications that seem to require 
much processing and the same high degree of 

reliability. The difference is that the 
applications where the large computers show an 
advantage ire those where the p-oblem is the 

processing of vas^ amounts of related data. The 

simulator application is a problem where e dozen 

entirely separate problems are being solved. 

If large computers are not the direction to 

go, it would seem that smaller computers must be 
the right answer. In the long range, this may be 

true. However, for immediate implementation of a 

computer complex, the risk of entering a new 

technology far outweighs the advantage to be 
gained. The problems of control of multiple 
microcomputers in the simulator environment is 

being studied, but there is no suitable proven 
solution. Partitioning the problem for th« 
microprocessor is another unanswered question. 
Software design aids for microprocessors are not «>s 
well developed us those for larger machines, and 

this would add a great risk to the overall project 
schedule and cost if microcomputers were selected. 

These problems should be solved in the RID arena 

rather than on a major simulator procurement. 

Areas for Further Research 

This analysis gives an overview of some of the 
considerations in choosing a computer configuration 
for a simulator system. In preparing {his study, 
the authors have been forced to rely upon estimates 
based upon experience and reasonable extrapolation 

of knovr; results. Several areas touched upon in 
this stuay require further research to ^s?rine the 
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system better and to provide a firm basis for    6 B. A. Zempolich,  Future  Avionics   Systems 
choice. Architecture.  Naval Air System Command, Heport 

No.  AIR-360, Oct 1977 
Super Minicomputers. The new class of super 

minicomputers appears to offer the most attractive 
solutior. to the computation problem. Hcwever, the 
lack of experience in applying this kind of 
computer indicates a reed for closer monitoring of 
contractor effort in evaluating this configuration. 

Computer Benchmarks. Use of the average 
instruction execution time in evaluating computer 
performance is one of the major weaknesses in this 
study and in the tracer procurement process. Use 
of modern components such as cache memory, pipeline 
processing, and floating-point processors and the 
use of high-level languages provide computer 
systems whose performance cannot be determined by 
such a simple measure. Instead of measuring 
performance by use of an assumed instruction mix, 
performance should be measured by executing 
computer programs typical of the application on the 
machine to be evaluated and measuring execution 
time and storaige required. Developing and 
validating such a set of programs should be 
pursued. 

Multiprocessor Systems. Use of multiple 
processors for real-time simulation requires 
further study to reduce the risks. Work in 
partitioning the problem, control algorithms, and 
configuration of processors and memory for this 
application should be continued. This research 
will apply to both minicomputer networks in the 
immediate future and to microcomputer networks now 
becoming a viable method for simulator 
implementation. 

Interrupt-Driven Systems. Simulators for 
training ordinarily use a fixed frame computation 
in which the total task to be performed is divided 
into subframes to be computed at various rates 
(e.g., 30, 15, 7.5 times per second). Research 
should be performed to determine the advantages and 
disadvantages in using in interrupt-driven system 
which allows subframes to be processed in the time 
left over after the mainframe computation. This 
seems to offer a more effective use of time 
available than the conventional method. 
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Assessment of Simulator Visual Cueing 

Effectiveness by Psychophysical Techniques 

Joe De Maio and Rebecca Brooks 

ABSTRACT 

Growing emphasis on simulation of low alti* "1e and air-to-air tactical scenarios has 
greatly increased the requirement for simulator *sual systems capable of providing the 
pilot high-fidelity out-of-the-cockpit cues. Evaluation of visual system performance 
through simulator flying studies has been the primary measure of system quality. However, 

'such studies can be costly and time consuming, and often they provide equivocal results. 
j^he present study investigated the use of psychophysical measurement methodology to provide 
a quick, low-cost evaluation of the altitude cues provided by five visual system displays. 

Thirty Air Force pilots made estimates of the altitude above ground level (AGL) shown 
in slides of. visual system displays varying in object density and object detail. Slides 
showed a 90^ field-of-view scene taken in the F-16 cockpit of the Advanced Simulator for 
Pilot Training. Eight altitudes (range 50-400 ft AGL) were presented for each visual scene 
condition. A random sequence of 40 slides (3 altitudes X 5 scenes) was presented three 
times. Power functions relating perceived to actual altitude were determined. Reliable 
differences were found between the displays which accorded well with differences found in ö 
simulator flyirg study using the same display environments. Results are discussed in terms 
of display features and the measurement methodology.^ 

/isu INTRODUCTION 

As a result of the current trend in 
flight simulation toward tactical flight and 
combat scenarios, a need exists for 
methodologies to evaluate the effectiveness of 
visual system displays in providing 
out-of-the-cockpit flight cues. The simulator 
visual system presents the pilot with a 
variety of cues he needs to perform his task. 
These range from airspeed, altitude, and 
navigation cues to cues relating to the 
presence, range, and behavior of threats and 
targets. Simulator flying studies have been 
performed to determine the effectiveness of 
texture (Edwards et al, 19811, color (Kellogg 
et al, 19811, and three-dimensional objects 
(Rinalducci et al, 1981) in providing 
low-altitude flight cues. While such studies 
provide the ultimate measure of the 
effectiveness of a visual system disolay in 
providing cues needed to perform simulated 
flight tasks, they can have severe 
methodological limitations. The requirements 
of such studies for simulator time, subject 
time, and development time »re  g*-eat. Simply 
to study the effectiveness of one type of 
visual cue can require as much as 50 hours of 
simulator timp, even if only a small number of 
subjects is run. Therefore, only a limited 
njivber of visual environment displays may be 
investigated. In order to perform the 
parametric studies required for the design of 
effective simu'ator visual environments, 
techniques are required for assessing the 
cubing effectiveness of visual displays 
quickly and at law cost. Such techniques 
might h*1 used to screen candidate displays so 
that only the most effective need be examined 
in more comprehensive simulator flight 
studies.The purpose of the present research 
was two-fold. The primary purpose was to 
determine th effectiveness of a methodoloqy 
for assessinq the quality of simulator visual 
displavs quickly and at low cost. The 
technique investigated involvwl having pilots 
estimate tne altitude above ground level (AGO 
in static (slide! presentations of a simulator 

visual system uisp'tay. This technique permits 
"mass production" evaluation of visual 
displays but does not permit examination or 
evaluation of the capability of visual scenes 
to provide altitude cues based on scene 
dynamics. Because of this limitation in the 
quality of altitude cues available, it was 
necessary to <_er;pare the results of tue static 
estimation technique with those of a dynamic, 
simulator flying approach. 

A second purpose of the research was to 
examine the aspects of scene content, object 
density, and object detail in order to 
determine their effects- on the perception of 
altitude. Two aspects of visual scene content 
were investigated. These were the density of 
3-dimensional objects in the environment and 
the level of detail of the objects. 

METHOD 

Materials 

Stimulus materials were 35 mm color 
slides taken with a 90° field-of-view lens 
in the F-16 cockpit of the Advanced Simulator 
for Pilot Training (ASPT) at Williams Af-B. 
The out-of-the-cockpit scene consisted of flat 
terrain with ?00 ft aiming towers at 
eight-mile separation. Altitude cues of 
varying quality were provided by inverted 
pyramids. Cond tion 1 and condition ? were 
high detail conditions in which the sides of 
the pyramids were black and the base (top) was 
white. Condition 3 and condition 4 were 
medium detail conditions in which the pyramids 
were all black. Two conditions (conditions 1 
and 3) were high object density conditions, 
with the mean distance between pyramids equal 
to 1500 ft. In the low density conditions 
(condititons ? and 4), separation between 
pyramids was 4500 ft. In all four conditions 
the pyramids were 50 ft tall. A fifth 
condition was intended to have lowest detail. 
In this condition, the pyramids were displayed 
so that only the base was visible above the 
qrcund. Thus, the pyramid had the appearance 
of a triangle laying flat on the yro-j^d. 
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Unfortunately, the level of detail was so low 
that the triangles appeared only as 
scintillations in the dynamic scene as the 
objects moved across the raster lines of the 
CRT display and were nearly invisible in the 
static display. As a result, only the 200 ft 
aiming towers, separated by eight miles, 
provide any real altitude cue. In all 
conditions, eight altitudes, ranging from 50 
to 400 ft in 50 ft increments, were 
presented. A single set of 40 slides was used 
in which each of the 40 alt'tude-visual 
environment conditions was presented once in 
random sequence. 

Subjects 

Thirty pilots in A-10 combat crew 
training served as subjects. Their flying 
experience ranged fron approximately 400 hr to 
3000 hr. None had had any previous experience 
in ASPT. 

Procedure 

Subjects were run in groups of ten in a 
squadron meeting room having projection 
facilities. Subjects were seated from 15 to 
25  feet from the screen image, which was 7-1/2 
ft wide. At the start of the session, the 
experiment?»* explained the purpose of the 
research. The experimenter then explained 
that a sequence of 40 color slides showing 
straight and level flight would be presented. 
Subjects were told that the slides would show 
five different simulator visual environments. 
Since none of the subjects had ASPT 
experience, they were told that the range of 
altitudes would be 50 to 400 ft. Subjects 
were not informed of the size of the inverted 
pyramids since no attempt was made to equate 
the size of the static display with that of 
the display in the simulator cockpit. 
Subjects were then given response sheets and 
told that when the first slide appeared, they 
were to estimate the altitude (AGL) shown. 
Estimates for subsequent slides were to be 
made relative to the first. Thus, if the 
estimated altitude for the first slide was 100 
ft AGL and the second slide appeared at twice 
as high an altitude, the estimate would be ?0O 
ft AGL. Subjects viewed the sequence of 40 
slides three times without feedback. Each 
slide was presented for eight seconds with the 
interval between siioes being only the cycle 
tune of the carrousel projector. 

RESULTS 

The first sHde presentation sequence 
was treated as practice and toe altitude 
e-limates from the second and third runs only 
were analyzed. The data were analyzed by 
first transforming tre actual and estimated 
altitudes to logarithms. Estimated altitudes 
were then adjusted for each subject's overall 
bias. A least-squares linear function was 
determined relating log estimated altitude to 
log actual altitude for each of the five 
visual scenes. The slope of the log-log 
linen?* function is the power of the function 
relating estimatM altitude to actual 

altitude. A power (slope) of 1.0 indicates 
perfectly accurate estimate of altitude. A 
power of greater than 1.0 indicates expansion 
or overestimation of changes in altitude, and 
a power of less than 1.0 indicates compression 
or underestimation or changes in altitude 
(Kling and Riggs, 19"''). 

In addition to giving *he relationship 
between actual and estimated changes in 
aUitude, the technique gives a zero 
intercept. This zero intercept can be 
considered an estimate of what it would look 
like "sitting en the deck" under the display 
conditions used in the study, although it may 
not be an accurate estimate of the perceived 
zero in the simulator. However, in a relative 
sense, the zero measures one aspect of the 
quality of altitude cues provided by the 
different visual scenes. 

Altitude estimates from all five visual 
scenes showed marked compression (see Table 
1). In addition, intercepts for all scenes 
were inflated. The inflation of the intercept 
tended to be most pronounced when compression 
was most marked. The lowest detail scene 
(c.  ndition 5) showed the greatest compression 
with a log-log slope (B) of .197. The 
intercept. (A) was also greatest for this 
condition (a = 1.85). Thus, for this 
condition, the estimated altitude was 85 ft at 
50 ft actual and 122 ft at 400 ft 

TABLE 1 

Ooject Object 
Condition Density Detail B A 

1 High High .82 .3 
? Low High .51 1.1 
3 High Med .70 .5 
.1 Low Med .50 1.1 
5 Low Low .20 1.8 

Slopes (8) and Intercepts (A) of the 
Altitude Tstimation Function's for the 

Five Visua1 Display Environment Conditions 

actual. Clearly the altitude cues provided by 
this scene are very poor. 

The best altitude cues were provided by 
the high detail, high density scene (condition 
1). The power, B. was .821 and A was .314. 
Thus, estimated altitude was 25 Tt at 50 ft 
actual and ?b?  ft at 400 ft actual. Assess- 
ment of the differential aUitude cueing 
effectiveness of the five environments was 
accomplished by an analysis of variance on the 
slopes of the altitude estimat:on functions 
(see Tab Je ?). The effect of object density 
on altitude estimation was determined by 
post-hoc comparision of 

TABLE ? 

SOURCE    MEAN SQUARE D. F. F-RATiö  P 
TOTAL       .113 149 - 
DISPLAY 
CONDITIONS  1.684 4 39.6 .001 
ERROR      .043 116 - 

Results of Repeated Measures ANOVA on 
Slopes of the Altitude Estimation Functions 

for Five Visual Display Conditions 
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conditions 1 and 3 with conditions 2  and 
4. A Scheffe' test showed the high object 
density conditions to provide significantly 
better altitude cueing than the low object 
density environments (F(4,116) : 45.5, p< 
.01). The effect of object detail was' 
determined by comparison of conditions 1 
and 2  with conditions 3 and 4, This 
difference was significant (F(4,116) = 
10.8, p C .01) with the high detail 
environments providing superior altitude 
cueing. There was a suggestion o^ an 
interaction between object density and 
object detail. The effect of object detail 
on the slope of the altitude estimation 
function, was greater in the high object 
density condition than in the low object 
density condition. Unfortunately the 
detail-density interaction failed to '•each 
significance (F14, lift) *2.4, . 10 > p >.05h 

Condition 5 was ommited from the 
post-hoc analysis because it was unclear 
how this condition should be classified. 
Many of the subjects reported that they had 
difficulty in distinguishing the tr-.angles 
from flaws in the picture. Therefore 
condition 5 could be considered either \ 
low densitv, low detail condition or an 
empty field condition, with only a hori?o 
line and the distant aiming towers. In any 
event the altitude cueing effectiveness of 
condition 5 was very poor indeed and was 
substantially poorer th;«n that of any of 
the environments containing 3-dimensional 
objects. 

DISCUSSION 

The differences obtained in subjects' 
ability to estimate altitude in the 
different visual environments have pointed 
up the sensitivity of the magnitude 
estimation technique. Substantial 
differences in altitude cueing 
effectiveness were found as a function of 
both object density and object detail. 
There was also a suggestion of an 
interaction between object aensity and 
object detail, although this interaction 
was non-significant. 

Unfortunately the present ddta giv3 

no indication of the validity of the 
approach for making judgements about the 
effect of visual scene content on simulator 
flyinq performance.To determine the 
validity of the technique it is neccessary 
to compare the results ^  the maqmtude 
estimation technique with those of « 
simulator flying study. Rinalducci et ai 
M93H perfumed a simulator flyinq study 
on the Advanced Simulator for Pilot 
Training uS'nq three of the environments 
used in the present study (conditions 1,1 
and 51. He monitored performance at 
maintaining a constant altitude of ; 00 ft 
AGL while flying through each environment. 
Although the variability in performance was 
high, significant differences were obtained 
between condition I performance and 
condition 5 performance, with both average 
aUitude and RMS altitude performance being 
superior in condition I, Performance in 

condition 3 was slightly worse than that in 
condition 1 but was not significantly 
different from either condition 1 or 
condition 5. The qualitative similarity 
between the present data aid those of 
Rinalducci et al suggests that the 
magnitude estimation technique is sensitive 
to the effect of altitude cues needed for 
simulator flight. In fact the present 
technique may be more sensitive to the 
effects of visual display factors on 
perception than is simulator flying 
performance. 

CONCLUSIONS 

1. The magnitude estimation approach has 
been shown to be a usable technique for 
assessing the altitude cueing effectiveness 
of visual displays. The technique is very 
sensitive to differences in the cueing 
effectiveness of diferent visual 
environments. Results obtained with the 
magnitude estimation technique are 
comparable to those obtained in simulated 
flight studies, but the magnitud- 
estimation technique provides equal or 
greater sensitivity at lower cost. 

2. The density of objects in the visual 
environment was found to be a potent, 
determining facto«- in the Cueing 
effectiveness of visjal displays. 

3. Object detail was found to be an 
important altitude cue. There was a 
suggestion of an interaction between object 
density and object detail in perception of 
a 11i tude. 
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METHODOLOGY TO ASSESS IN FLIGHT 

PERFOR 4ANCE FOR AIR-TO-AIR 

COMBAT TRAINING 

Vnthonv P. (. iavarelii. Ii 

C ui ... Defense Systems 

San I)icü<>. ( alifornia 

ABSTRACT 

I'hc Na\\'s tactical Aircrew C ombal 1 taming System i 1 VcTS) provides the instrumentation necessary to record 
in-flight performance of aircrew* during air-to-air combat iraiiiing  Data recorded on ! \C I S has been an important source 
of information for the development ol objective flieht perform iui tec criteria   Hits paper discusses research relate.' to the 
development and application ol tn-flieh: measures ol air combat performance Procedures lot s> sterna tic development ol 
aircrew perlormance measures arc identified and discussed   \ generic nvlhodologv is proposed winch will eventually lead 
to a prescriptive model lor performance measurement system development. Some ol the main applications ol objective 
flight performance criteria include training progress evaluation, training methodology and effectiveness studies, and learning 
acquisition .nui transfer studies 

INTRODUCTION 

Instrumentation 

The Navy's Tactical \ircrew Combat training Svstem 
I I At i>, enaMvs aircrews to monitor in ie.d time various ait 
comh.it exercise•-.. and through Us replay capability, provides the 
opportunity to dehnet and evaluate pilot tactics, maneuvers, ant! 
weapon deliverv accuracy   I he I   S  Air I oree second-generation 
version ol this svstem is referred to as An Combat Maneuvering 
Instrumentation t \C All). I out major subsystems comprise the 
!AC IS \CA 1 Systim 

• Airborne Instrumentation Subtytlem (AIS) - I ses .i pod 
äuäched to the .inei.ilt which mc.isuics flight dvnami.es 
inlomi.ition. senses weapon firing signals, and transmits 
data to the gnmml through the I IS 

• Tracking Instrumentation Subsystem (TIS) - I ses a 
series til unmanned remote trucking stations communicating 
vsi'h a m.istei Hacking station in order to inoiutoi aircraft 
in a spei ihed airspace 

• Control and Computation Sybiymm (CCS) - c omcrl» 
data tc.civcd from the T!s into suitable form lot display 
I ses a ;v»d attached to the aiiciait which measures flight 
dvnamics information and senses weapon firing 

• Pttplay and Debriefing Subsyfcm (DPS) - Sen es as a 
control centei and displ.iv station 

• Both digital and graphic hardcopy printouts ol flight 
data, aircraft statt vectot positions, cockpit view ol 
engaged aircraft, and mission summary data 

• C omputer-generateJ estimates nt the results ol weaptm 
t'n i ne 

AIS Aiibocn«   lmt/um*nUtion  SubiyMcm 

• Pv«c1 Phytiwlly Simil«! !0 AIM 9. 

OtMr<1 c." Anctifl 

• TiinSffMjuon   t mk 

A» to Cioumj    Gfou'*J to An 

r IS j TocVirvj   Imtrumfnuimn   Subtytl 

UnY«ncc   Itrtiui.t-i   tqu.piwnt 

On*   M*»Wi   SUJ...-1 

CCS I COIKM.I »nd tompui.lion Su|ji»ilem 

DOS I D.iiii.«  &   t)ri...rl .-.j Subtyttem 

• lt..r»  0-v;. j,   (\..»lo!« * 

• G'«;>'<c. «'«I Aipl^^.umri.tl L). 

• Lwc  tod  Hci> »i   C[ut..,.!» 

k^pN 
**=&» 

Figur« 1 Tactical Aircraw Combat Training System 
(TACTS) 

I teures I and ." illustrate the major FACTS \t Ml 
subsvstems and then interrelationships Some <>t the ntorc 
important training features of I \l IS \C Ml follow 

• Real-time tracking including pmitftm. velocity, acceleration, 
altitude and angular talc measurement ol aircraft 
engaged in an combat training 

• I ape plavbatk ol flieht history data, complete with 
pictorial dtsplav of the air-toan engagement and   *>ue 
transmissions 

'/ 'v  -::.: 
*fe 

Figur« 2 Oattvral Configuration o* TACTS Subayatama 
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Recent engineering advances on TACTS tune incorporated 

instrumentation required tor training aircrews, m ground attack 

missions as well. Some ol the added capabilities include No-Drop 

Bomb Scoring, electronic warfare, arc' mine laying. This research 

paper, however, will concentr.ite on the traditional role ol 

1 AC IS AC Ml in assessing performance ol aircrews during air 

combat training. 

Need Cora Performance Measurement S\stem 

I he Naw developed I AC IS in response to lessons learned 

in Viet Nam indicating that I'.S  pilot periormance in air combat 

was below acceptable standards   \ plausible reason lor poor 

periormar.ee was thought to be inadequate pilot training in the use 

of proper weapon lire boundaries.    It was then suggested thai 

aircrew training co*ikl be substantially improved by providing an 

instrumented range able to monitor and record air combat 

engagements .nut io simulate weapon tiring results   I AC I S was 

designed to meet these urgent demands ior trair.mg instrumentation. 

so engineering emphasis was necessarily placed on real-time 

tracking ol air-to-air engagements, weapon envelope simulation. 

and enhanced aircrew tic''rief via the PDS 

Presem range instrumentation capabilities ot I AC IS provide 

a unique' opportunity tor aircrews to practice both living and 

shooting tasks under realistic tlignt conditions und within an 

inhumation-rich training environment  It is important to realize, 

hi wevcr, that since I \<  I S is desiuned primarily to enhance 

debriefing ot individual air combat engagements, the resulting 

s\ .tern design does not include a capability to collect and analyze 

cumulative periormance results or to depict statistical trends 

\nalvsis ol trend data and application ot othei periormance 

asse-.. nent methods arc needed ior 

• I raining progre-s evaluation by 

- operational aircrews 

- training officers 

• C omhat readiness estimation bv 

- licet . ommaiiders 

- Dol) analysis groups 

• lactics development bv 

- licet sjuadrons 

- operational test and evaluation squadrons 

• Research Develop lent Icsl and I vitiation iRDTAd ) bv 

- weapon system developers 

- i lovemment research centers 

Research Background 

Since early research related to the development ol an 

.omhat periormance measures was discussed in several technical 

reports and previously published articles, u w.'ll not he treated in 

great detail here 

I he iirst technical report wa> wnlten in !**?? tor the N'aval 

Aerospace Research Laboratory and this report described ai 

analytic framework ior conducting periormance criterion rcscaich. 

Ihis analytic iramework described the TACTS as a system which 

includes ttmniny in:\iruitor\, amruß. wccpum. mi.\\üin.<< and oper'ULnx 

i'minmtfh'ni   The technical approach used calls ior obtaining 

periormance measures within a system iramework which identities 

the above TACTS elements, defines the training mission and the 

operational environment, and provides measurement methods 

sensitive to the influence <>l variables identified in the total TACTS 

system Lach set of performance data collected on TACTS is 

described A\ti\ referenced using this system iramework ti.e.. training 

mission, system elements and operating cm .ro.imenli   Ihus 

performance variations can he related hack to specific elements and 

operating conditions It desirable, the combination of elements 

(aircraft, weapons, aircrews, etc > and the irair.i'ig mission un' be 

systematic >!y controlled to assess their influence on sysle t 

performance 4 

A second research report presented measurement criteria 

and assessment methods ior evaluating Naw aircrew miss 

envelope recognition performance.    Two generic mcasurcii 

methods were used !o assess aircrew periormance in missile bring 

accuracv 

I us',, a ciiterion-reierenced assessment method was applied 
to score missile launch success ipercent hits) and to compute task 

accuracy measures (error from prescribed missile launch houndarv) 

\ pilot must lire his weapon within this prescribed boundary lo 

obtain a Int. and the distance from a proper launch window can be 

used to compute task accuracy (error scored) measures. 

Second, norm-'  ierenced measures, based on empirical data 

(mean * one standard deviation), were used to evaluate 

periormance related to group standards   \ combination ol norm- 

referenced and criterion-referenced measure'- bus been proposed 
lor (.(her specific an combat tasks, i.e. radar search and 

acquisition, visual search And acquisition, tactics and maneuvers. 
etc 

Wither leporl present \1 a synthesis and application of the 

above measurement methods  In addition  preliminary measurement 

validation *ests were presented     Results ol these preliminary 

validation Jests showed statistical! support ior selection ol task 

based measures used lo assess aircrew performance m air-to-air 
combat 

Periormance assessment is appropriately referred lo bv 

instructional system designers as the best means lo determine that 

learning has occurred following naming  Without performance 

measinemeni there can be m   assnrance that any training svstem 

including  I V  Is. :s meeting its   vsign ob,.ctives      \pphcalion ol 

performance assessment pnv. hues will enable aircrews undergoing 

training on I Ac IS lo 

• 1 valuale progress toward . omplcimg specific instructional 

objectives 

• I stimate »orafal readiness o! individual aircrew i. .mhers 

and operational units 

• Diagnose training  !v?icie»c»cs an*! provide corrective 

leedback. And in gene: d. lo remote redundancy and 

mcHkiencv in training through application ol performance- 

based Iced'... k 

1 inaliv. more extensive stal'stical validation tests were 

conducted using multiple lineat regression analvsis in a do .ble 

cross-validation design.    Measures related to successful completion 

ol various an > omb.-t tasks have reliably predicted 4> percent ol 

the variance in final engagement outcome scores These tasks 

include early visual identification ol an opponent, missile lire 

accuracy, shooter-lo-targel pointing accuracy, and maneuvering in 
obtain a first-shot advantage 

PERFORMANCE MEASUREMENT 

SYSTEM DEVELOPMENT 

Research Sttatcev 

Meistei ilv>"M has suinmaii/cd characteristics which 

distinguish measurement approach-"s '\oed upon cont-olled 

evpenr-entation and those nicasuiemeni approaches related to 

complev s\siems      \n important distinction made by Meister is 

tnai measures obtained in complev s\stems are taken in reference 

to the entire task  o, job. winch is peitotmed in the contest ot the 

actual |uncontrolled) work environment 
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In contrast, laboratory experimental research is con dueled 
under hitihl- controlled conditions  Isolated or synthetic tasks are 
pcformed while selected variables are systematically manipulated 
Measures obtained n> the laboratory, are usually directly related M 
experimental hypotheses which guide il,e measurement selection 
process, data colle lion, ami analysis procedures Used to evaluate 
experimental results. In    'triplex systems, measures are typically 
obtained while the »^.M IS in operation. I- is difficult in measure 
the performance of individuals under these circumstances because 
c;:ch individual s effol is embedded within a system framework 
Meister proposes to measure perlormanc*: at »he individual, team 
and systems levels Tins will help in. to understand the relative 
contribution ul each level in meeting overall system performance 
requirements. 

Another major difficult) encountered with ai'crcw 
performance measure ivnt in complex system:, is the determination 
'.'! eve'h what me.isu- -s to i. c out of the total available. While 
there are mam studies of aircrew performance in the literature, no 
widely accepted research strategy has evoked which specifically 
outlines the steps or procedures required to select and validate 
air. rew pei'ormancc measures and assessment methods. 

V reuls ,\n,.\ Wooklridge ii'J") have discussed in broad 
outline main import.-nt aspects of performance measurement 
research      These authors propose a syslems-orientcu. statisiiealiv 
based approach to develop aircrew performance measurement 
methods. Some of the more important ideas discussed by Vreuls 
and Wooklridge in then article are hriellv su:nro.ir /--d belov. 

• Task Analysis -  ! he measurement spcciaii-l musi devise 
a means to sample a^.rew tasks that are most important 
to iiK.i uie (i.e.. tasks and measures thai are best for 
describing, predicting, and understanding aircrew and 
system performance) 

• Statistical Approach - A muili-vanate statistical approach 
i- proposed as the   only method powerful enough to deal 
with the complexity ol the real world' ti.e. m which 
many variables interact to influence performance 
measures obtained) 

• Measurement Selection - Measures should be selected 
which satisfy statistical requirements lor validity and 
reliability and which are accepted by the operational user 

She above researchers have identified some key principles to 
consider dring '.he development of aircrew performance criteria. 
Application ol such principles forms the basis ol a systems 
approach to performance measurement specification which 
emphasi/es generic methods and test procedures. 

System Development Mode! 

figure i presents a proposed model lor Performance 
Measurement System (PMS) development   1 he model specifics a 
four-phase research ami development program which begins by 
defining the tr.(i.:ing mission and operational task structure and 
ends with implementation ol ,. PMS The li'ir pha^v ,a l>V1s 
development (analysis, description, validation and implementation) 
are bricflv described below. 

• Systems Orientation - Aircrew 
in a complex system and is in,!* 
tactical doctrine, n 'svion plan, 
ivailability. aircraft subsystem 

altis 

performance is embedded 
uenced by such factors .is 
weathei. weapon 
capabilities, and operating 

Analysis - During the analysis phase o\ research, 
information related to the mission and its associated 
operational tasks is collected. Operational task data are 
brought to a level of analysis required to sneulv 
performance-based training objectives and to »i.'ect a 
prdiminarv measurement set   (II) 

ANALYSIS DESCRIPTION VALIDATION IMPLEMENTATION 

INTERVIEW 
OPERATIONAL 
PERSONNEL 

MAKE ON-SITE 
OBSERVATIONS 

PERFORM MISSION 
AND 

TASK ANALYSIS 

DEFINE TRAINING 
OBJECTIVES 
(CONTENT) 

SFLECT INITIAL 
r«k ITS i "i » - ■ 

MEASURES 

SPECIFY SYSTEM 
VARIABLE 

MATRIX 

COLLECT 
PERFORMANCE 

DATA 

MAKE 
STATISTICAL 

CC  1PARISONS 

ESTABLISH 
INITIAL DOCTRINE 
& NORM CRITERIA 

DEFINE INITIAL 

FRAMEWORK 

ESTABLISH 
VALIDATION 
RATIONALE 

COLLECT 
VALIDATION 

SAMPLE DATA 

TEST VALIDITY 
& RELIAB'LITY 
OF MEASURES 

SPECIFY 
DATA BASE 

REQUIREMENTS 

SPECIFY 

REQUIREMENTS 

WRITE T&E 
& UTILIZATION 

PLANS 

INSTALL PMS 
ON-SITE 

r[ CONDUCT FIELD 
TRIALS & DATA 
COLLECTION 

EVALUATE 
SYSiEM & USER 

ACCEPTANCE 

CORRECT SYSTEM 
a uiiLiZAitUN 
DEFICIENCIES 

BUILD 
PROTOTYPE 

PMS 

L- MANAGE SYSTEM 
OPERATION 

Figure 3 Performance Measurement System (PMS) Development Flow Chart 



Description - A variable matrix which identities training 
or operational system elements, in this ease aircrews 
aircraft, weapons and mission factors The variable 
matrix serves as an initial systems framework tor guiding 
performance data collection and analysis Data collected 
o\i the training system can be categorized for later 
analysis with respect to the key operating elements as 
potential sources of variance of the training system. In 
other words, statistical sample comparisons are made 
between various aircraft types, weapon types, mission 
characteristics, aircrew changes, etc. These initial 
descriptive statistical comparisons provide the 
measurement specialist with initial information regarding 
the sensitivitv oi measures to discriminate expected 
performance differences at the system h  el Table 1 
presents an example of a variable matrix which was used 
in air combat performance measurement development. 
(See Kef ill)) 

Validation - Information from task analysis and 
ilc'-criprive statistical o nparisons tie., from analysis and 
descriptive phases) is used .is a foundation to establish a 
preliminary measurement tramework. I he measurement 

-framework represents a hypothetical position regarding 
operation,* 1 task<  their associated performance measures. 
and the potential in flue-nee of system-level variables on 
overall performance in the operational training system 
Since the initial measurement framework is based on the 
researchers a priori judgments abo^t key v..j   b'es and 
their relationships to the operating system, the resulting 
framework repiesents a theoretical structure requiring 
empirical validation (See Re!  (4).) 

The   alidation phase of performance measurement 
research is concerned with establishing an objective 
rationale to verify am) support iuit: •! selection of 
candidate performance measures   I IT  validation rationale 
usually is based on the following  considerations: 

la) The decree to *hich candidate measures correlate 
with overall (terminal) system performance 

(hi  The ability ot the measures to discriminate variations 
in operator (aircrew ) skill level 

(c) The reliability of performance measures obtained 
over repeated applications 

(d) I'ser acceptability and ease of implementation 

Once a rationale tor validation has been established and 
successfully demonstrated, then data base requirements 
and functional design tenures can be specified lor 
hardware and software engineering development of a 
prototype PMS 

•  Implementation - An important part of PMS 
implementation should be preparation ot a lest and 
I valuation (TAJ ) plan   The IAT plan should 

(a) Include guidelines for applying the PMS as an 
integral pal of an overall training swem 

lb) Specify Training ITfectiveness I.valuation (III) 
procedures lor PMS application. 

Procedures outlined above need to be amplified in certain 
areas and refined in others *o formulate a more complete 
prescriptive model tor performance measurement svstem 
development. 1 \en .it this early stage of their development, such 
procedural gui lelincs were a useful aid in the specification ot a 
measurement framework tor air combat performance assessment 

Table 1. TACTS Training System Components and Variable Matrix 

Personnel Equ pment 

Instructors* Aircrews 

Adversary 

Aircraft 

Adversary 

Weapons 

Type 

Mission 

Experience Type (e.g. 
and training and fighter and fighter single or 

aircews type Design multiple 
In-flight and characteristics aircraft) 
debrief pro- Perceptuh / Performance ana limiiations 
cedures and motor skills characteristics Specific 
techniques and limitations Delivery training 

Tramm ar d parameters obiectives 
Content and education Specific design 
quality of features Procedures Tactics and 
directive Flight experi- maneuvers 
commentary ence (total Particular Specific specified 
(related to type, crew weapon and weapon load and/or used 
RTOs) section) sensor and selectior 

complement options Range 
Training ACM operating 
function and expeuence System sub constraints 
tasks system operating 

status P",r.,r,n.,tm,, 

Training atds aircraft 
(mission mix 

Mission 

Environment 

Weather 

Visibility 

Terrain 

Traffic 

Sun 

Miscellaneous 

•Including Range Training Officer »RTOi and Flight Leader 
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Ali Co nh.it Measurement tTumouork 

, leu:, 4 slums a simplified Air C'omhul Maneuvering 
lA'-.'Mi seq.-ence AC M miwion phase* are written .it the top of the 
figure, while points ol measurement related to kev aircrew training 
objectives are indicated in boxes The solid boxes represent points 
for which measures are now available, and dotted boxes represent 
recommended additions to this overall measurement scheme lor 
example. ACM engagement state models     and algorithms for 
measuring energ\ maiieuverabililv performance     are two essential 
additions in the final formation of an overall ACM r.  -asurement 
svstem. 

RADAP SEARCH 
AND 

ACQUISITION 

VISUAL SEARCH 
AND 

ACQUISITION 

Measures lor engagement state are baseu on obtaining a 
position advantage, i.e.. bv measuring an aircraft's proximitv to the 
lethal /one ol an adversary, aircraft. Measures for energy 
maneu\erabilit\ are related to optimizing airspeed tor efficient ail 
combat maneuvering, i.e.. flying an aircraft lo its aerodynamic ideal. 
Addition of energy-related and maneuvering information to the 
building blocks model presented in figure 4 would complete a 
technical approach that is based on a multi-task, multi-measure 
method. Table 2 shows short-form debnitions of ACM training 
objectives and also indicates the corresponding candidate 
performance measures tor these objectives. More detailed 
definitions lor training objectives and candidate measures are 
rep-tried elsewhere. (See Kel  (II}.) 

TACTICS WEAPON ENVELOPE 
AND RECOGNITION ENGAGEMENT 

MANEUVERS AND FIRE OUTCOMES 

RADAR 
CONTACT 

r 1 
j      RADAR      | 
1       LOCK 

FORMATION 
AT 10 N.M. 

FORMATION 
AT 

I        I 

PASS f| 

I '   I1 

""I 

VISUAL 
ID 

VISUAL 
DETECTION 

ENERGY 
STATE 

I i  
,   I      POSITION       I 
I   |    ADVANTAGE    I 

FIRST 
KILL 

UTILITY 

Y- -RANGE/TIME- 

Figure 4 Simplified Air Combat Sequence: Shows Engagement Phases and Measurement Points 

Table 2. Air Combat Engagement Analysis 

Training Objective 

1 Obtain early radar contact and lock-on 

2 Determine adversary attack formation at 10 nm 

3 Obtain early visual detection of adversary aircraft 

4 Obtain early visua' identification of adversary aircraM 

5 Determine attack formation at initial pass 
6 Maintain high energy state 

7 Gam/maintain portion advantage 

9 Ga'n firing opportunity 

9  Obtain first shot of engagement 

10 Fire weapon in weapon envelope 

1 1. Obtain Itrsl kill of engagement 

12 Execute successful re-attack 
13 Execute successful bugout by staying neutral, maintaining 

energy, and completing disengagement with no friendly 
loss 

14 Obtain favorable exchange (Exch) rale 

15 Satisfy mission (utility) requirements 

Performance Measure 

Interaircraft range and success rate |%) over engagements 
ilown 

Quantity and position of enemy aircraft 

Interaircraft range and success rate (%i over engagements 
flown. 

Interaircraft range and success rate i%\ over engagements 
flown 

Quantity and position of enemy aircraft 

Indicated air speed and altitude (energy package» 

% or proportion of engagement in offensive defensive states. 

Time and/or % in envelope or fatal offensive state 

Elüpsed time and % first shots 

Irteraircraft range, angle oft-tail pointing r>ngle. airspeeo and 
acceleration parameters 

Elapsed time and % firs» kill? 

Iterate 6-11 above 

% neutral, indicated airspeed and altitude. % loss at bugout 

Ratio of fighter to adversary kills 

Neutralize th.eat aircraft and survive or mmimue losses 
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I At IS 1».sitiiiijj. Application 

Results ol the measurement research program have been 
directly applied lo operational training. A computer-based, air 
combat debrielsystem «as designed aiul developed as a prototype 
lo test the feasibility ol adding a PMS to TACTS (I4.il>>. The 
resulting debriel system, currently undergoing t'srrlh*.r development 
by N AVI RAl QVIP1 I N. is referred to as the Performance 
Assessment and Appraisal System (PAAS). PAAS design is based 
on the previously described measurement framework which has 
been partially validated. (See Ret. <S).I 

The debriel system can display inimerous graphs depicting 
statistically summarized performance results from TACTS training 
sessions (S'.-c Ret. (15>.) Data are provided to aircrews (n an 
understandable format for review and diagnostic evaluation ol air 
combat training progress figures 5 and (i present examples of 
compu'ei-generated graphics used bv aircrews to assess their 
performance in kev air combat tasks using PAAS 

■ i n.j'* J*' ic^!u-€"* 

»lUI on   Typ« 2V2 5iiCi»dron 
Havtrtmrv   BirtP*f«   :        *LL Adv«n»rv   Squ. 

RIM MISSILE FIRE PLO) 
Range    (x    I   nm. 

5 4 3 2 1 

\ 

0   I     *  2 

«LL 
22Jur,*:-i2 '.,' ,i: 

ftdwlrt4rv    3qu4Jr> 

RRCRR  CCNTRCT 

1 S3 r; L»t« -   a. a 

L\  Ncne   -     3.3 

~ Criterion 
Cutoff 

£ -5 0  i- 

2 0 r 

20      Z?       33      3« 

Figure 6 PAAS Graphic Format Used to Evaluate AIM 
Missile Fire Accuracy (envelope recognition) for 
a Single Training Detachment 

DISCUSSION AND CONCLUSIONS 

Performance me.isuiemenl is an    iiporl.Mii ingredient lo 
effective training It is only bv measuring performance that we can 
know il learning has occurred, and whethei oi not our instruction 
has sueeeeded 

I 'mil recently, aircrew Uaining instructors had to icly upon 
then subjective estimates ol student training progress and 
msiiueiinn.il effectiveness With the development ol instrumented 
ranges like I UTS. we can now iccoid in-(light performance Such 
a eapabihtv provides the itaining coiiununily with an opportunity 
to apply objective performance criteria during the mvtiuctiotial 

Figure 5 PAAS Graphic Format Used to Evaiuate Radar 
Contact Performance for a Single Training 
Detachment 

It is important lo note that the present I* \ VN provides 
peiloiniaiicc based lecdha. k <n.l\ n« m>n-ntitttiU\crtHii portion« o| 
an aii-io-.ni engagement Inclusion ol measure« related t<> tu 
combat maneuvetine is considered necessary to complete the 
proposed measurement tramewoifc. (presented in I igute •*» tHM,nt«ing 
an «.onib.it ntiittitiu-nnji measure« ho»e*ci. will icipiue i?«c o! ,m 
automated data retrieval »ystcni that is tied dually In I U IS  \t Ml 
in oidei to capture the tune hi«t«>tv data necessary |. i analv/tng 
mancuwt« So automated rctitcs.tl «yvicn»   > available i»ti 
|\(|N\l Ml lod.iv   and would have to be developed 

(. .mi:  v. vhouUI be taised. however, conc-ining the advent ol 
iiKmimenkd range« like I'M IS. and advanced Might «imutatoi« 
which liKoipoiate recording capabilities   I he mete capabdtiv to 
record outputs imm these naming svsiems doe« not tuvevsartiy 
guarantee that «uch recorded data ate valid atnl leUahle measure« 
ot that they are appiopnatelv applied   \s «houUi be apparent Itom 
the content« ol thi«. papei and previous publications, mtuli .malvsiv 
and testing piecedcd the «elc*«»on and application ot pettoimance 
measure« Such analvsi« and testing ,s an essential piecuitum 
against meieiv adding a I'MS a« a possible cuianeou« leatuu- to a 
ii.iiiune device   \dduton ol a PMS can enhance naming but it 
also c.m conceivably icsuit in «/.. nu•-...■ n.iin n$ «aim- >i •• P%t^ >- 
jsv.tU designed and oi inappropriately applied 

llns papci discussed application ol a I.isk ba«ed iiieaMtiettnnt 
approach which capitah/ed <>n the av.nlahiluv ot I Vi Is ,|.»ia t-<r 
I/I-it'/ti/wfi* uili,tiiiinfi ,md tif*flii»x an combat jvihnmaiKC measure« 
I he pioposed PMS develot>nuni model icpiesent« .« hojvtul uist 
»Up to»,ud a moie tehned piesciipioc model .-t genetic 
nielhodoloi-i.   !oi iiicojpoi.Hine s\steinalte allv d vclopcd .uul 
validated |vi!otm.nwe »jileu.« .«s .m ititegt.d pat: ot ti.mi.dj' s^siem 
design 
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JAMES McGUINNESS, Ph.D. 
JOHN H. BOUWMAN 

Person-System Integration 

and 

JOSEPH A. PUIG 
Naval Training Equipment Center 

ABSTRACT 

This paper addresses methods developed for evaluating factors involved in Air Combat Maneuvering 
(ACM) training. In the course of selecting and applying evaluation techniques, a unique situation for 
a transfer-of-training study was presented: a newly installed ACM simulator co-located with an ACM range. 
A common, objective performance measurement system was developed for the Air Combat Maneuvering Simula- 
tor (ACMS), designated Device 2E6, and the Tactical Aircrew Combat Training System (TACTS) range. The 
TACTS range was planned as the setting for studying transfer from the simulator to an operational 
situation. 

INTRODUCTION 

An early attempt to evaluate pilot 
trainees in air-to-air combat was known as 
"pin ball" (USAF, 1945). The "pin ball system" 
registered hits of frangible bullets on a manned, 
a^mor-Dlatfd. tarqet aircraft. The system also 
provided a visual signal to the attacking pilot 
by turning on a strobe light in the nose of the 
target aircraft. The fidelity, realism and 
immediacy of objective feedback were high. As a 
gunnery trainer "pin ball" was a relatively 
effective training device, even though it probably 
did little for the pulse rate of the target 
airerewman. 

In 1967, NTEC began development of a 
gunnery practice system based on the use of in- 
expensive, eye-safe laser transmitters and 
receivers to simulate firing live rounds. Laser 
simulation has the advantage of oroviding an un- 
limited source of hazard-free "u,.munition" at 
a negligible cost per round. Previous applica- 
tions of this technology include the Laser 
Marksmanship Rifle Trainer and the Helicopter 
Door Gunnery Trainer. 

The advent of air-to-air missiles in air 
combat maneuvering made the application of PIN 
BALL training techniques very inefficient, and 
required a technological sophistication beyond 
laser designators. 

Training Air Combat Maneuvering (ACM) skills 
requires the exercise of a complex pattern of 
perceptual, psychomotor, physiological cues and 
procedural elements within a demanding tactical 
environment. You cannot train such a pattern 
in a simulator exclusively. Neither can you 
efficiently learn s ich a , 'tern in an aircraft 
exclusively. Training devices must be designed 
to complement actual training in aircraft. The 
increased complexity of tighter aircraft include 
multiple weapons for ACM employment, multiple 
systems for acquisition, two-man crews, addition- 
al functions required to operate weapons systems, 
and increases in aircraft performance which re- 
quire quicker aircrew reaction time. All of 
these factors mandate increases in both flight 
time and simulator usage, and effective 'ntegra- 
tio« of training devices and aircraft into the 

fleet ACM training program structure. Improved 
training can have a force-multiplier effect in 
ACM, but we must bite the bullet. More training 
sorties in the air, undoubtedly, are required, 
and  more  ^imijlat^r  hnijrc   3130  Will   contribute   tO 
the training process. Maximum contribution of a 
simulator is contingent upon the integration of 
proper maintenance and instructor/operator 
support. 

A 'raining Effectiveness Evaluation (TEE) 
was initiated by the Human Factors laboratory at 
the Naval Training Equipment Center (NAVTRAEQUIP- 
CEN) to aid in defining, through objective 
measurement, how much and wbe. type of integration 
is required. The TEE effort has been designed 
to provide data to help determine how well a 
training system produces a desired result. Such 
data must be forthcoming if we are to design for 
(1) optimal simulator/aircraft mix, (2) instruc- 
tional strategies such as optimal sequencing, or 
(3) other significant factors that affect the 
amount and type of training required. The 
successful quantification of training effective- 
ness also will provide a data base which can be 
used for the specification and development of 
new or modified simulator systems. 

The TEE took advantage of a unique situation 
for the development of such a data base. A 
recently installed ACM simulator co-located with 
an ACM range at LAS Oceana, Virginia, was reviewed 
for the feasibility of conducting a transfer-of- 
training study. A review of current ACM aircrew 
training programs, as well as a review of fimulator 
and trairing deviee applications, suggested the 
need for a common Performance Measurement System 
(PMS) between the Air Combat Maneuvering Sinsulator 
(ACM), designated Device 2E6, and the Tactical 
Aircrew Combat Training System (TACTS) rawje. 

Device 2E6 is a high technology simulator 
consisting of two 40-foot diameter domes with an 
adversary aircraft image projected on the surface 
of the dome. The adversary image moves in res- 
ponse to inputs fre*n an aircrewtnan in the opposing 
dome or in response to computer-controlled or 
console operator-controlled inputs. Simulated 
missile firing, as well as <jun firing, nr^  possible 
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in the simulator and are accompanied by visual 
cues. This type of interaction can occur on a 
1 versus 1 basis (Ivl), on a 2 aircraft versus 
1 aircraft basis (2vl), or on a 3 aircraft 
against one another basis (Ivlvl). 

The TACTS range permits objective measure- 
ments of aircraft spatial relationships, missile 
maneuvering envelopes and simulated missile 
firing in an environment that is as close to 
combat as is possible. The TACTS range instru- 
mentation records selected movements a.id actions 
in specially instrumented aircraft as they inter- 
act in a "dogfight" over the Atlantic Ocean. 
The system tracks aircraft operating within an 
assigned airspace and computes and stores air- 
craft, position, attitude, and weapons-related 
parameters in real time, permitting a three- 
dimensional depiction of ".he engagement to be 
monitored at a ground station. Radio communica- 
tions are provided betweer the ground station 
supervising the exercise and the participating 
aircraft. Potentially hazardous flight condi- 
tions are automatically detected and brought to 
the attention of a training supervisor for 
appropriate action. 

It was clear that if a common performance 
measurement system could be developed, the 
potential for a classical transfer-of-training 
(TOT) design and associated statistical analyses 
for the TEE would be enhanced. Thus, for the 
first time it appeared feasible to measure 
transfer of performance frcm simulator to ACM 
flight conditions as represented on the TACTS. 
The ACMS is a one-of-a-kind device and joint 
operation with TACTS yields quantitative air 
combat maneuvering performance data which are a 
direct function of pilot training and performance. 

The first step in the TEE was to examine the 
TACTS range. TACTS was developed to provide air- 
crews with an objective means for improving 
missile envelope recognition. The TACTS provides 
training in a realistic but controlled environ- 
ment. The trainee receives limited real-time 
airborne feedback and, later, more thorough 
"debrief" feedback concerning the effectiveness 
of weapons firing which are simulated by the 
TACTS computers at the ground station. 

The TEE program also was timely in that it 
was able to directly support Commander Fighter 
Wing One (COMFITWING ONE) personnel who were in 
the process of developing a PMS for the TACTS 
range. The measurement system being developed 
for TACTS was entitled The Readiness Index Factor 
(RIF). It was based upon the Readiness Estima- 
tion System (RES) first developed by the Center 
for Naval Analyses. The RIF provided a measure 
of the spatial relationship of two or more 
interacting aircraft and considered the type of 
weapons employed. 

DATA COLLECTION AND ANALYSIS 

TACTS data were collected and analyzed using 
the RIF during two Fleet Fighter ACM Readiness 
Programs (FFARPs), which cc.nprise a syllabus of 
refresher exercises ( r. i, 2v 1, Cv2, etc.) tor 

fleet squadrons that span roughly three weeks. 
One FFARP involved airborne combat exercises 
employing friendly F-4 aircraft engage;'; with F-5 
and A-4 adversary types. The other FFARP in- 
volved F-14 against F-5 and A-4 adversaries. The 
data indicaced that the RIF was sensitive not 
only to differences in individual aircrews, but 
also to aircraft variables as well. 

Figure 1 contains one compariso.' of such 
differences. 
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Figur« 1. TACTICAL AMCHCW COMtAT TRAINING SYSTEM (TACTS) DATA 
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A RIF score above zero indicates that an air- 
craft is relatively more offensive than defensive 
in relationship to an adversary aircraft. A nega- 
tive RIF score indicates the friendly aircraft is 
in a defensive posture. The RIF scoreß in Figure 
1 indicate that, of the ten F-4 aircrews, only one 
was able to achieve an overall positive offensive 
average. On the other hand, all but four of the 
thirteen F-14 aircrews attained an overall 
Dositive offensive average. 

Aircrews also were ranked according to ob- 
jective RIF scores and these scores were compared 
to rankings obtained from adversary squadron 
pilots, ACM instructor grade sheets, and data from 
the "Blue Baron" data collection effort conducted 
on the TACTS range. The latter effort consisted 
of a combination of objective and subjective data, 
including parameters such as radar range, system 
lock-on parameters, visual sighting and kill/miss 
assessments. In-depth analysis of the type of 
shots taken revealed that ? high percentage of 
missile shots fired were in the forward hemisphere. 
Further data analysis revealed that the RIF was 
net sensitive to forward hemisphere (i.e., all- 
aspect) missile firings. 

ALL-ASPECT MANEUVERING INDEX (AMI) 

As a result of the first data collection, it 
wrs concluded that an all-aspect capability had 
to be incorporated in the RIF. Using the 
successful elements of the RIF, an All-Aspect 
Maneuvering Index (AAMI) measurement system was 
designed and developed for the next data collec- 
tion series. This series involved data collected 
from training being conducted on the ACMS, 
involving participation of a number of F-14 and 
F-4 squadrons operating out of NAS Oceana. 

The AAMI is a measurement system based upon 
a formula that incorporates range, antenna- 
train-ar.gle, and ang'if.-off-the-tail as the major 
variables which define the spatial relationship 
among interacting aircraft. The formula is 
weighted by a weapon range modifier which 
accounts for the influence of individual weapon 
systems such as the AIM-9L, AIM-7F, and AIM-9G. 
As with its RIF Mredecessor, an AAMI score 
above zero indicates that an aircraft is more 
offensive tnan defensive in relationship to an 
adversary aircraft. A high positive score is 
awarded when the aircraft achieves an optimal 
position with respect to the weapons load it has 
on board. In addition to providing graphical 
feedback, the AAMI describes a range of numeric 
indicators such as time to fire, time to first 
kill, missile type information, number of gun 
rounds, etc. 

Figure 2 contains AAMI summary data trom 
the Simulator. All simulator engagements cohered 
in this paper pitted an aircrew experienced in 
ACM against a computer-driven adversary. The 
data in Figure 2  reflect, differences due to air- 
craft variables quite similar to the differ- 
pnrps shown bv previous RIF data collected on 
the TACTS range. For example, F-14 aircraft 
consistently outperform F-4 aircraft against ad- 
versary aircraft in a simulated environment. The 
individual differences and performance variations 
among the three F-<* aircrews and the two F-14 
aircrews have been assessed in light of the 
historical records supplied by each aircrew. One 
point stands clear from an examination of the 
data in Figure 2:    Post-test scores are much 
higher than Pre-test scores. This indicates that 
the training realized from 40 ACM engagements in 
the simulator does, in fact, improve performance. 
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Another analysis of F-14 simulator data from 
the friendly aircraft point of view ib contained 
in Figure 3. The Pre-test data point is an aver- 
age from sever, aircrews over fie three engagements 
comprising the Pre-test. The run conditions and 
number of engagements experienced were identical 
for both the Pre-test and Post-test. All simula- 
tor runs were stopped when they exceeded thiee 
minutes in duration or when 2 successful missile 
kills were achieved by either the friendly or 
the bogey. Of significance, rigure 3 demonstrates 
a substantial increase in performance from Pre- 
to Post-test. The syllabus numbers In between 
the Pre- and Post-test represent incremental 
variations in the training steps applied to the 
participating aircrews. Each data point in the 
graph represents the average performance over 
ten engagements for each syllabu: step. The 
number of aircrews participating, as well as the 
total number of engagements in each syllabus 
step, varied across the syllabus due to uncon- 
trollable factors such as aircrew availability 
and/or simulator equipment problems. The forty 
engagements experienced between the Pre- and 
Post-test varied in the level cf difficulty pre- 
sented to the friendly aircraft. As shown in 
*. i_ -    ii J _• j_-■ _ - . ii    _ a.    4.1-    u _*.*.-._    _c   r;     -j 
tut;      run   L.UIIU t i. tuna      ai    one   uutiv'ni   ui    i  ii^ui c   o, 

the first ten engagements in the syllabus 
(Step 030) haa the friendly aircraft loaded with 
a rear hemisphere missile against a "medium" 
level of difficulty. A dotted line indicates 
that no change occured from the previous condi- 
tion in that syllabus block. Note that a de- 
crease in offensive advantage was registered be- 
tween the Pre-test and Step 030, during which the 
friendly fighter lost his 9L all-aspect missile. 
In addition, during the next ten engagements 
(Step 040) the adversary difficulty level was 
increased to "high", which resulted in a drop 
in the aircrew AAMI average to below zero. 
That is, moving from a "medium" to a "high" 
difficulty level opponent resulted in average 

aircrew performance droppiny from an offensive 
to a defensive posture. 

Further analysis of F-14 simulator data 
contained in Figure 3 demonstrates a substantial 
increase in performance from Pre-test to Post- 
test. Switching from "high" difficulty level to 
"medium" difficulty level when the friendly and 
adversary aircraft were loaded with similar wea- 
pons on the same type of aircraft (both F-14s) 
resulted in an average offensive advantage for 
the iriendly aircrew as shown by the ddtd puihL 
in Step 050. Increasing the level of difficulty 
from "medium" to "high" while maintaining the 
same aircraft and weapon relationships resulted 
in a decrease in average Herformana below the 
offensive (zero) score line, once again as shown 
by the data point for Step 060. 

The F-4 aata dep-'cted in Figure 4 again 
indicate that the AAMI reflected relatively high 
offensive performance in response to an adver- 
sary at a "medium" difficulty level when con- 
trasted to performance against a "high" difficulty 
level. For example, a lower adversary difficulty 
level at syllabus Step 010, in comparison to 
+*.<* Pretest *" ur "O" ia^^d v.'ifh ^n in^reisc in 
the average offensive score. When the hiyh ad- 
versary difficulty level is introduced at sylla- 
bus Step 031, a performance decrement is noted. 
The data from the last two syllabus steps and the 
Post-test data suggest that a learning asymptote 
may have occurred. Six aircrews participated 
in the Pre-test: although again the number of 
aircrews as well as the number of engagements 
in each syllabus step fluctuated due to uncon- 
trollable factors. As with the F-14 data in 
Figure 3, the Post-test scores, considered in 
relationship to the average scores and corres- 
ponding standard deviations achi°ved in other 
syllabus steps and the Pre-test, suggest that 
learning has taken place. 
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Figure 4.   F-4 SIMULATOR DATA 

An 2xamination of a  single F-4 aircrew  is 
detailed  in  figure 5 as  -in example of 4he type  of 
data available from the ACM Performance Measure- 
ment  System (PMS).    The averaqe score  is a  com- 
posite measure which can be easily hacken  into 
other types and combinations of metric   indicators. 
In this example,  the Pre-test avenge score  is 
-22.4, while the Post-te:t  performance average  in- 
creases  to  +12.29.    At  the same time,  the average 
engagement   length decreases markedly from 184 
seconds  to 8? seconds  fron Pr?-Test to Post-test. 
The Pre-test also demonstrates another  interesti?,q 
fact.     In the beginning of the session,  the 
friendly  fighter lost  once but  never won a   Pre- 
test engagement.    At  the end of the simulator 
trifling,  the  fighter won all   three Post-test 
engagements.    The  initial   simulator learning 
period  (Step 010,   the  fi »•..-:  ten engagements after 
the Pre-test) also ref1 <cts  ,he  fact  tiat  the air- 
crew wa*   learning the syllabus objectives.     As 
demonstrated  in  Figure 5,  the  last   five engagements 
of each syllabus Step (010(2) and 040(2))  resulted 
in the  fighter  increasing his average offensive 
score,  decreasing the average enga gerne .it tenet h 
and winning four out ßf five engagements  (one en- 
gagement  was dropped he<ause  of computer problems). 
The sa»e learning trend  is  illustrated by the 
data   from the concluding simulator  learning  period 
also shown  in  Figure cf. 

DISCUSSION 

The data presented in this paper are pre- 
liminary in nature.  The point of this paper is to 
bring out the fact that a common, objective mea- 
surement tool has been developed for ACM, and that 
the assumptions underlying the system have been 
validated via actual aircrew training data. 

The ACM performarce measurement tool can 
objectively determine differences in: 

Aircraft Performance 'friendly and Bogey) 
Weapons System (AIM-91 . -''-C,   -"i , Guns) 
Aircrew (Type and Background) 
Tactics 
Training (tguip^ent, Syllabi) 

Examination of the data has been extensive. 
ranging from initial seatterplots of relevant 
individual performance points, to variance and 
Cd relational analyses to determine the signifi- 
cance of grouped data points and interaction*. 
This examination process, including review by 
subject matter etperts, has verified the validity 
an>S reliability of the system as well as the 
fundamental a-.wrap* ions of the PM'... 

A difficul* guesticn is "Does the ^-ta ro'- 
ütu?e£ and analyzed t»«s fjr indicate that t^e 4\r- 
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Figur« 5. SIMULATOR DATA   F-4 vs. THREAT 1     («xampla-AIRCREW *18) 

crews are learning to fly the simulator?". The 
answer is that they are, indeed, learning some- 
thing. The scores improve and the variance de- 
creases in accordance with pertinent syllabus 
steps and in response to modification in training 
•conditions. Clearly there are "tricks" that can 
be learned to permit one experienced simulator 
flyer to beat another simulator aircrew. And, 
given enough time, some of these tricks may possi- 
bly be adapted. For example, it is possible for 
an aircrew to enhance conditions under which the 
computer-driven bogey becomes increasingly vul- 
nerable, such as by flying at very high angles 
of attack or below 200 feet in altitude. How- 
ever, PSI personnel with ACM experience have been 
operatitig and "flying" the simulator for over two 
years during and before this study.  In our 
opinion, forty simulator engagements, conducted 
under varying syllabus conditions, does not per- 
mit an aircrew enough time to "learn" in trick 
the simulator.  Rather, the data collected thus 
far and the feedback fron the aircrews them- 
selves strongly suggtst that more substantive 
learning is taking place. 

A more difficult question is "Do the 
patterns learned in the ACM simulator transfer to 
the TACTS range?". The answer to this question 
is being vigorously pursued. All data collection 
efforts are being conducted on a net-to-interfere 
basis.  It is difficult to carry out an experi- 
mental pa-adig* on a simulator that is being used 
for operational training. 1? is decidely more 
difficult to apply experir-ntal rigor in the TACTS 
range environment. fiperimental design techniques 
ani  statistical controls j^re  being employed to 
coapensate «there possible. 

Data are presently being collected on the 
TACTS range as well as from the ACMS to answer 
both questions. These questions have strong 
implications for R&D investigations, for trailing 
system design efforts, and for combat readiness 
issues. 
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ABSTRACT 

The Visual Technology Researci Simulator (VTRS) at the Naval Training Equipment Center 
was used to study the effects of s"!x factors on carrier-landing training. An in-s;mulator 
transfer design WöS chosen, in which students were trained under various conditions, and 
then tested under a standard condition that represented maximum realism. The experimental 
design permitted a relatively large number of variable:, to be studied, using a relatively 
snail number of student subjects. The subjects were pilots who had no prior carrier-landing 
experience: 16 recent qraduates of Air Force T-38 training, and 16 highly experienced Navy 
P-3 pilots. Factors investigated were field-of-view. scene detail, platform motion, descent- 
rate cuing and training task (straight-in »pproaches vs. circling approaches). Turbulence 
was included as a factor and pilot type (Navy P-3 vs. Air Force t-38) was also included as 
a factor to control this source of subject variability,. After trailing under a certain 
factor-level combination, students were tested on the day, wide field-of-view, circling task 
with motion and without descent-rate cuing.^Results showed thai the simulator and training 
factors generally produced either si.iall differences or  no differences at all in transfer 
effectiveness,. There we^e some advantages of the wide field-of-view and high-detail condi- 
tions, but these effects were small and/or short-lived, generally disappearing after a few 
transfer trials. Training with straight-in approaches resulted in transfer performance 
that was equal to or better than that produced by training with circling approaches. There 
were no motion or descent-rate cuing effects on the transfer tas1'. 

INTRODUCTION 

The Visual Technology Research Simulator 
(VTRS) at the Naval Training Equipment Center 
(NTEC)i Orlando, Florida is desianed for research 
on flight simulator requirements for training and 
skill maintenance. The VTRS consists of a fully 
instrumented Navy T-ZC jet trainer cockpit, a six- 
degree-of-freedom synergistic motion platform and 
a wide angle visual system that can project 
computer-generated images onto a spherical screen. 
The visual system is capable of displaying images 
via target and background projectors subtending 
50 degrees above and 30 degrees below the pilot's 
eye level and can display 160 deqrees of horizontal 
field. •' 

A major effort at VTRS has involved research 
to define simulator requirements for the carrier- 
landin« task.  There is a need to investigate a 
larqe number of  visual and oth°r simulator fea- 
tures having substantial cost implications. A 
research program was planned around the holistic 
experimental philosophy and paradigm proposed by 
Simon '::": •' which stresses the importance of 
studying as many factors of interest as possible 
within a si»iq!e experiment. The first phase of 
this program consisted of performance studies in 
which the effect of various simulator components 
on experienced pilots in the simulator was exam- 
ined. ;'*' "  The second phase consisted of a 
quasi-transfer study in which the simulator was 
both the training and the criterion device. Phase 
three will eventually include a simulator-to-field 
transfer study involving actual flight tests. 
This report presents results from th<- phase two 
in«simulator transfer-of-training experiment. 

The information obtained from p*»ase one 
experiments was directly relevant to th*- d*»sh,r 
of Simulators for experienced pilot slill fain* 
tenancr* »no  transition training. T

»K> infomatior. 

from the phase two experiment reported here is 
relevant to the des inn of simulators for under- 
graduate pilot training. The experiment involved 
pilots with no carrier-landing experience who 
trained in the simulator under various conditions 
representing leve1^ of several simulator equip- 
ment and training factors. The pilot; were then 
tested in the simulator in its high f delity 
configuration. An in-simulator transfer-of- 
traininq paradign was used to study the effects 
of six factors plus a pi lot-type factor or) 
carrier-landing training. A total of 3? pilots 
with no prior earner-landing experience were 
involved in the experiment. Sixteen were recent 
qraduates of Air force T-38 training and 16 were 
experienced Navy P-3 pilots. 

METHOD 

Task 

The mission was a daytime carrier approach 
and landinq on the deck of the aircraft carrier 
Forrestal, The carrier was moving at 20  knots 
with a zero effective crosswind over the landing 
deck anä sb  knots relative wind down the deck. 
The mission for this experiment was restricted to 
include only the final turn of the full circling 
maneuver as well as the fin.il approach and l*wdin<; 

Factors and Levels 

A large r.jnher of factors potentially affect- 
inq the carrier-landing cues wer«1 tentatively 
selected as candidates for study. These were 
Pared down by a pan*»' of engineers and psycholo- 
gists into a set of factors which were investi- 
gated earlier in performance experiments. 
0t»c ision.'j regardino factors to he included in tHv 
i*>-simulator transfer-uf-tr,iirif.^ experiment we/o 
'ased .trtlv i>n results fror the (erforr»*rce 
studies. Other conside«Mtions were tne Potential 
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cost impact of factors and the potential training 
effects and interactions involving factors falling 
in the category of training aid or type. 

"High" and "low" factor level settings were 
chosen in order to bracket the reasonable range of 
interest. For the equipment factors, the high 
levels were generalV set at the highest attainable 
while the low levels were chosen to be the most 
degraded form of the factor likely to be employed 
operationally. Other factor levels also bracket 
the range of interest, but do not necessarily con- 
form to "high" and "low'' definitions. A sunwary 
of the factors involved in this experiment is 
given ffi Table 1, 

Field-of-View. The field-of-view high level 
was a 160 degree horizontal by SO degree vertical 
wide-angle displcy.. n"1 This wide f ield-cf-view 
is costly and is representative of that currently 
available for carrier-landing training only on 
multi-task trainers such as tne 2B35 and the F-14 
Wide-Angle Visual System (WAV'S). The field-of- 
view low level was a plus or minus 24 degrees 
horizontal by -27 degrees to 9 degrees vertical 
narrow-angle display. This narrow field-of-view 
is representative of the lower cost Night Carrier 
Landing Trainers (NCLTs) used for F-4, F-14, A-6, 
A-7, and S-3 transition training. 

Scene Detail. The ship detail for the hi oh 
detail scene was a daytime solid model computer- 
generated image (CIG) carrier whose surfaces were 
defined by 985 edges.''The daytime scene included 
a background seascape colored a uniform blue and 
a well defined horizon. Brightness levels were 
approximately 2.80, 0.50, and 0.16 foot Lambert 
(fL) for the ship, sea and sky, respectively. The 
detail level was representative of that available 
from typical daytime CIG systems costing several 
Million dollars. The low level of scene detail 
was an im<?ge of a night point-light CKi carrier 
consisting of 137 lights.  It contained all deck 
outline, runway, centerline and drop lights. The 
background was dark with no visible horizon. This 
display is representative of a night CIG system 
costing less than a million dollars and used on 
several Navy NCLTs. 

I'otHn. A si x-deqree-of-freedom 48-inch 
synergistic motion platform was fully operational 
for the high level, ar\(*  was stationary for the low 
level of this factor. '  This platforrr is similar 
to those on the Navy's 27 T-?C Instrument 
Trainers (device 2FI01) used in Undergrade Pilot 
Trailing (UP!) except that VTRS computation rates 
dre  higher for reduced cuing time lao. While it 
is representative of many older platforms on 
existing trainers, it does not have the lew noise 
and improved response of new platform-.. An 
attempt was made to fine tun?« the operational 
platform for optimal responsiveness for the ea> 
ricr landing tas* by setting gains at 7.5, 2.J, 
an$.  1.2 for lateral, heave, and pitch cuing, 
respectively. R©H, thrust, and yaw cuintt -ains 
remained at 1.0. 

Approach Type.  PiloU performed their 
tftininq tViaYs with either straight-in approaches 
or circling approaches, for the circling approach 
the aircraft was inl*i#li^ed abeam the LSÖ ;!at- 
fer*: at 5700 f«#t frw the Shij; and at 600 feet 
of alti?u* in the approach configuration (full 

flaps, speed brake out, hook and wheels down and 
15 units angle-of-attack). fuel was fixed at 
3200 pounds to give a gross aircraft weight of 
10,000 pounds. A trial consisted of the final 
turn, final approach and attempted landing. 

The straight-in approach was initialized with 
the aircraft 11,990 feet be, ind the ship and 4150 
feet to the left of the runway centerline. The 
initial altitude was 400 feet with the Eireraft 
in the approach configuration. The aircraft was 
trimmed for straight-and-level flight in both 
initial approach conditions. The straighten 
approach was defined specifically to provide task 
reguirements similar to the circling approach hut 
with the ship in view at all times under the nar- 
row field-of-view condition. Thus the aircraft 
was set to the left of the runway centerline and 
headed at 18 degrees to the right of the ship 
centerline heading.  (At 25 degrees of aircraft 
heading relative to ship centerline heading the 
ship would go out of the narrow field-of-view.) 
Pilots were instructed to fly Ur's modified 
straight-in approach straight-and-level out of 
the initial condition until approaching the run- 
way centerline, then execute a turn :nd rollout 
on the runway centerline. 

t 
sion 
iqht- 
by 
ser- 
d 

This factor was included in the experimen 
because of the hypothesis that the daytime no's 
can be trained adequately with (modified) stra 
in approaches. This hypothesis was supported 
results presented in r ' and by preliminary obs 
vation.  If this hypothesis were true, it cculc 
have implications for the field-of-view question 
since a wide field-of-view is not required to 
keep the ship visible to the pilot during straight- 
in approaches. 

FL0LS Rate Cuing. The conventional version 
of the FL0LS display defined one level of this 
factor. The other level involved the ire of 
vertical bars displayed with the FL0LS which pre- 
sented alid^slope rate of change information io 
the pilots. This information was presented to the 
pilots in "command" fashion, that is, the bar 
height could be interpreted directlv in terms of 
action required to change to the desired vertical 
velocity. The height of the bars indicated devi- 
ation from correct vertical velocity relative to 
current glideslope displacement and nulled bars 
indicated correct vertical velocity for any glide- 
slope position. The r'LOLS rate cuing factor was 
included in the experiment on the basis of VTRS 
work, which indicated a large improvement in 
glideslope control with rate cuing displays for 
experienced carrier pilots. "'"' The latter ref- 
erence (Experiment II) include^ a description of 
the algorithms used to define the command rate bar 
operation. 

Turbulence. Turbulence was included in the 
exoeriment~at two levels to allow examination of 
otner factor effects under two difficulty level". 
The two leveis, no turbulence and tne highest 
amount of turbulence under which operations would 
continue at sea, represent the ranee of expected 
real-world furbulence.  Th*> main effect of turbu- 
lence was also of some interest in this experiment 
as a training variable. Turbulence was generated 
in the form of "winds" actinq on the lonqitudinal. 
lateral, and vertical aircraft axis. These winds 
were pseudo-random sire waves which were generated 
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TABLE 1. SUMMARY OF EXPERIMENTAL FACTORS AND LEVELS 

FACTJRS 

Field-of-view 

Scene Detail 

Motion 

Approach Type 

FLOLS Rate Cuing 

Turbulence1 

LEVEL SETTINGS 
"low" 

-27 degrees to 
9 degrees vertical, 
*24 degrees horizontal 

Night: point-light 
sl:ip 

Fixed base 

*Circiing approach 

Conventional FLOLS 
display 

Close to maximum 
flyable 

"high" 

* -30 degrees to 
50 degrees vertical , 
+80 degrees horizortal 

* Day: solid surface 
ship 

* Six-degree-of freedom 

Modified straiqht-in 
approach 

FLOLS display with 
"command" rate cuing 

No turbulence 

Hi lot Type        Air Force T-38 Nav; P-3 

^Indicates setting for the transfer test configuration 

'Turbulence was set at half the "low" level setting for 
the transfer test. 

by the summation of pure sine waves of various 
frequencies and amplitudes. The RMS values of the 
winds used we»*e 3.00, 1.25, and 3.00 ft/sec for 
the longitudinal, lateral, and vertical dimensions, 
respectively. Thes? values produced a fairly large 
amount of turbulence judged to be near the limits 
for saf» operation. Frequency and amplitude val- 
ues used ^rv  given in 

Pilot Type. Pilots for this experiment were 
selected from two populations without carrier- 
landing experience. One group was made up of 
recent graduates of Air Force T-38 training and 
the other group was comprised of experienced Navy 
P-3 pilots.  The pilot group factor was included 
explicitly if the experiment so that the expected 
larqe source of subject variance resulting from 
differences between the groups could be directly 
estimated and partial led out of the results. 

Factors Held Constant. A number of factors 
investigated earlier were held constant in this 
training e<pen»ient. -l' ';   C IG images of  both 
ship and FLOLS were used throughout the experi- 
ment.  The TV line rate was 1025 and engine com- 
putations were done at 30 Hz.    Visual lag was at 
the system's optimum 100 msec and the G-seat was 
off. 

Transfer Configuration 

After completing their training sessions a1! 
pilots transferred to un in-sinulator maximum 
realism version of the daytime circling carrier- 
landing task. The initial position for the 
circling approach was t"ie <ane as that used for 
circling approaches during training. A wide 
field-ot-view wa^ present along with the daytime 
scene, motion on, conventlona1 FLOLS and an 

intermediate level of turbulence. RMS values for 
the "winds" used during training were halved for 
the transfer test. This amount of turbulence was 
judged to be somewhere between small and moderate 
in size. 

Pilots 

Pilots for this experiment were volunteers 
from two populations with no carrier-landing 
experience. One group of 16 pilots was made up 
of recent graduates of Air Force T-38 training. 
All the pilots in this group had approximately 
200 hours of total flight time with about 100 
hours of flight, time in the T-38 in the six months 
prior to the experiment. The other group was com- 
prised of 16 experienced Navy P-3 pilots. This 
group averaged 1550 hours of total flight time but 
varied considerably in overall experience with a 
standard deviation of 529 AH^  a range of 600 to 
2530 flight hours. Experience in the six months 
preceding the experiment averaged 229 hours, all 
in the P-3. 

Performance Measures 

All of the summary measures described and 
collected in ''■ "' were also collected for the 
present experiment. Due to space limitations, 
analyses for only one measure, which essentially 
summarizes final approach glideslope oerformance, 
srta  presented here. A percent time-within- 
tolerance measure for the final approach was used 
to summarize final approach glideslope perfor- 
mance. This score, referred to as the glideslope 
tracking score, was calculated from 3000 feet to 
the ramp ^.nd used a tolerance band of '.3 degree. 
This tolerance was recoftnended by Navy Landing 
Signal Officers (LSOs) and represents 

399 

.-—«,.,„»■■  illi'MTTliiii  111     i fe^^M 



! t wwwm&mn*imwv > -    - - -^r^Biwsr.' 

approximately plus or minus one "meatball" of 
deviation of the r[_0LS display. Results for other 
scores are discussed, including a wire (longitud- 
inal) accuracy metric for assessing touchdown 
quality. This score is similar to Brictson's 
Landing Performance Score (IPS), but it is based 
on absolute deviation from the desired touchdown 
point rather than wire catch per se. f: ' Touch- 
downs resulting in a three-wire catch were 
assigned a score of 100, while touchdowns more than 
100 feet behind the one-wire or  beyond the four- 
wire were assigned scores of zero. Touchdowns 
inside these limits were assigned scores linearly 
between zero and 100. 

Procedures 

The experiment consisted of 40 training 
trials and 16 transfer trials. Before flying any 
trials, pilots were qiver1 approximately one and 
one-half hours of instruction in carrier-landing 
procedures in the form of a briefing and an in- 
structional videotape. They then flew twn three- 
minute familiarization fights in the simulator 
befuge commencing with the experimental training 
trials.  Instructional feedback was given after 
each training trial by a VTRS staff member and an 
"automatic ISO" was used throughout the experiment 
to give calls during the flights.  (A V0TRAX voice 
generation system was driven by software developed 
from a modified version of the model described in 
' : ' . ■ Instructional feedback was not r-iven during 
the transfer test trials. 

ExperijitfMTt<:. i  Des i gji 

A transfer-of-traininc pdradigm was super- 
imposed on the basic experimental desfgn which was 
an adaptation of National Bjreau of Standards, 
Plan 4.7.16. : '  Each pilot performed 40 training 
trials under one of the conditionr of the bask 
design followed by 16 transfer trials in the simu- 
lator on the high fidelity transfer configuration. 
The basic design was one-fourth of a fully 
crossed 2    design resulting in 32 experimental 
conditions and 31 estimable effects. 

All main effects arc  confounded only with 
three-way or higher interactions as are   15 of the 
21 two-way interactions.  The other six two-way 
interactions are  confounded in strings of two each 
and the remaining six estimable terms in the basic 
design reprecent strings of three-way interactions. 
As the oasic design was repeated across trials, 
trial effects are  also fully estimable. The two- 
way interactions judged least likely to be impor- 
tant a priori were assigned to the strings of con- 
founded two-factor interactions.  Implicit in the 
use of this fractional factorial design is the 
assumption that three-way and higher-order inter- 
actions will generally be negligible.  Each of the 
estimable effects in the basic design is also con- 
founded with the subject effects defined by the 
groupings involved in a particular comparison. 

RESULTS 

Table ?  presents an analysis of variance 
summary of transfer test trials for the glideslope 
tracking score.  This analysis estimates effects 
averaged across all 16 transfer trials which Are 
represented by two blocks of eight trial means. 
Main effects were tested separately ui were the 

field-of-view by approach type and scene detail by 
approach type interactions which were considered 
important a priori.  All other estimable inter- 
actions we^e examined individually, but in the 
absence of strong evidence for an effect, were 
included in various omnibus terms. The basic 
"residual" term for an analysis of variance was 
created from the sum of the two- and three-way 
string terms. The sum of two-way interactions not 
involving pilot type and the sum of two-wav inter- 
actions involving pilot type were tested against 
the basic rojidual term. If these effects were 
not significant, they were combined with t'ie 
residual term to form a residual estimate against 
which all other effects were tested. Thus, for 
example, the F ratios shown for the single degree- 
of-freedom effects in Table 2 have a 22 degree-of- 
freedom denominator whose sums-of-sqjares i s from; 
all the indicated sources. 

The entire transfer-of-training design may 
be thought of as a special case of a repeated 
measures' design with observations repeated on a 
trials' factor.'1"'  Tn this sense, the residual 
estimate represents an estimate of subjects within 
groups error. Trial blocks were "ested 
against a term comprised of all estimable three-way 
and higher interactions involving blocks which is 
then an estimate of error within subjects. Two- 
factor interactions involving blocks were test ri 
omnibus fashion against this same term. 

Figure 1 graphically describes the experi- 
mental results for the main effects on glideslope 
tracking performance. The numbers in parentheses 
in Mgure 1 above a block of trials for the 
effects represent the results of an analysis of 
variance for that block of trials. The numbers 
are the ranks of the sizes of the effects (within 
the 31 estimable effects) of the basic design. 
Thus, for example, approach type had the largest 
effect in the first t^ock of training trials, 
field-of-view ranked fifth, etc. An effect can 
rank nigh by chance alone, of course, and such 
things as stability over time and effect size 
must also be taken into account when judging the 
meaningfulness and reliability of an effect. On 
the other hand, if an effect size does not rank 
very high, it probably is neither meaningful nor 
real since it cannot be differentiated fror' noise. 

Table 2 and Figur» 1 indicate a large dif- 
ference between pilot types on the transfer task. 
This was not unexpected because of the differing 
flight backgrounds of the groups and there is 
little interest in this effect per se other tnan 
to indicate that this large source of subject 
variance was successfully controlled. The vide 
field-of-view results in a sustained transfer 
e 'vantage of about 6.3 percent more tine within 
-.3 of the desired glideslope.  This effect is 
the fourth largest in both blocks of  transfer 
trials and accounts for P..4 percent of  the experi- 
mental variance on the transfer trials. These 
results Are  in the same direction as those obtained 
n  ', although significance for transfer trials 

was not obtained i'1 that experiment. Although the 
field-of-view transfer effect appears real here, 
it should be mentione:! that there was no field-of- 
view transfr- effect  on touchdown (>erfom-ance.  It 
is felt that a glideslope effect which is not 
reflected in touchdown performance should be 
regarded as small. Thus, in an overall sense, the 
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TABLE 2. ANALYSIS OF V'RIANCE FOR GLIDESLOPE TRACKING 
ON '  MSFER TRIALS 

Source of LEVELS Mean 
Variance High Low df Diffe rence1 F 

Field-of-view Wide Nar 1 6.3 (8.4)'1 6.45* 
Scene Detail Day Kliqht 1 4.6 (4.6) 3.48 
Motion On Off 1 3.2 (2.2) 1.65 
Approach Type St.   In Circ 1 2.5 (1.4) 1.05 
FLOl.S Rate Cue Cuinq No Cue 1 -3.9 (3.3) 2 49 
Turbulence Cain' Winds 1 2.8 (1.6) 1.26 
Pilot Type Nav P-3 AF T-3P 1 -7.6 112.3) 9.37** 
FOV  X App.  Type 1 (-) 0.49 
S.   Dtl   X App.   Type 1 (-) 0.44 
2-Factor Int (No Pil)' 71 pe- (9.7) 1.14 
2-Factor  Int  (Pil)'* 6) ► sid- (8.1) 1.10 
2+3 Way Strings 9i ual (11.0) 

Blocks  (8 Trials) 1 5.9 (7.5) 8.42** 
2-Factcr  Int  (Blocks) 7 (7.4) 1.18 
3-Factor  Int  (Blocks) 24 (21.4) 

Grand Mean 34.8 
Std.   Err.   Difference 
Std.   Deviation 

2.3 
6.5 

'Mean of observations taken under hiqh level, -linus mean of observations 
token under low level of actor. 

Values in parentheses at" percent variance accounted for in the experi- 
ment.  Percents less than 1.0 are shown by a dash (-). 

'Two-factor interactions no involving pilot tvpe. 

''Two-factor interactions involving pilot tvpe. 

*p • .05 
**p • .01 
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field-of-view impact on transfer performance was 
not la nie. 

Training on the high level of scene detail 
results in an initial advantage on the transfer 
task. As Fiqure 1 indicates, this is the largest 
experimental effect on the first block of transfer 
trials.  However, by the second block of transfer 
trial1-, this difference has essentially dissipated 
and the overall transfer effect is not sionificant, 
accounting for only 4.6 percent of transfer tasf 
variance.  No other differential transfer effects 
were evident, although the approach type effect is 
noteworthy. Pilots who trained with modified 
straight-in approaches did as well on the transfer 
task as those training with circling approaches. 
'his was true despite the fact that the transfer 
task included a circling approach and those pilots 
training with straight-in approaches had not flown 
the circling approach prior to the transfer task. 
This result is also in agreement with results 
qiven in  '. 

It should he noted also that the FLOLS com- 
mand rate cuing did not result in a performance 
advantage, even during training. This is in con- 
tradiction to results given in  ' which show a 
large improvement in performance with the rate 
cuing display for experienced pilots. The pilots 
in this study were completely novice to the task 
and apparently did not have the skill level MOM-, 
sarv to effectively utilize the rate in for..Ml inn 
at this stage, at least not with the command dis- 
play node used here, host pilots did show consid- 
erable general improvement in performance over the 
length of the experiment, indicating that a great 
deal of learning was taking place over a wide 
variety of conditions.  The Air force T-3R group, 
in particular, had reached an intermediate pro- 
ficiency level by the end of the experiment, an 
accomplishment which suggests considerable poten- 
tial for the simulator as a trainer for the 
carrier-landing task. 

SUMMARY 
The following summary of this experiment 

includes more extensive results presented in 
as well as the united results presented here. 
The main conclusion to be drawn fr^m the results 
is that equipment inferential transfer effects 
were snail fron a practical point of view. Trans- 
fer landing quality was not affected by ,vv factor 
other than pilot type and approach quality was 
generally only temporarily affected by equipment 
factors, i.e., effects had essentially disappeared 
after eight transfer trials.  The only exception 
to this is field-of-view which did show a sus- 
tained effect on glideslope tracking performance. 
Although final approach effects ,\ro  important in 
their own right, approach effects that a»*e not 
reflected in touchdown performance must be 
regarded as small.  The pilot type effect was 
generally larger than all other effects combined 
and the only other factor- that Had a sizable, sus- 
tained transfer effect w.s a train in«: factor, 
approach type. 

These findings hive important impl»cations 
for simulator design. They suggest that cost ant, 
reliability considerations should olay the major 
role in selecting the drsign for an undergraduate 
carrier- '«anding simulator.  Simulator hardware 
advance has apparently reached a stage--at least 
for the carrier-landing task--where costly 

increases in fidelity have smaller effects than 
pilot and training factors and are producing small 
gains at best. The findings suggest that optimal 
cosL-effective training will occur with a rela- 
tively low-fidelity simulator (as defined by the 
low levels of factor* used in this experiment) and 
judicious use of training variables and schedules. 

Individual Factors 

A brief Summary of results follows with the 
factor effects listed in the order of estimated 
overall impact on the transfer task. 

Pilot Type had by far the largest effect 
during "the" "transfer trials but the effect was 
dependent on the dimension of performance measured. 
Air Force T-38 pilots did better than Navy P-3 
pilots on glideslope t acking and landing wire 
accuracy, but P-J pilots did much better on final 
approach lineup tracking and angle-of-attack 
control. 

The straight-in approach type training 
resulted in better final approach lineup control 
on the transfer task despite the fact that the 
transfer task involved a circling approach. Pilots 
training with straight-in approaches had lo more 
time within the lineup tolerance limit on the 
transfer task than pilots training with circling 
approaches. Also, the circling approach training 
shewed no transfer advantage for other final 
approach scores or landing accuracy. 

The wide field-of-view resulted in some 
advantage on the transfer task for final approach 
quality but not landing accuracy. There was ■"> sus- 
tained effect on glideslope tracking and a tempo- 
rary effect on lineup and angle-of-attack 
tracking. The overall effect on final approach 
quality after eiqht transfer trials was small at 
best. 

Daytime scene detail training condition? 
showed no transfer advantage o^er  night scene de- 
tail trainino conditions on landing accuracy. 
There were ttansient effects on glideslope and 
angle-of-attack performance with the daytime 
training scenes showing the advantage. There- 
appeared to be a lineup performance advantage on 
transfer for the daytime training scenes but only 
with straight-in training approaches. 

The presence or absence of motion during 
training did not make a difference on  transfer. 
The addition of rate cuing information to the 
FLOLS did not result in a transfer advantage com- 
pared to training with a conventional FLOLS. 

Consi derat ions 

Two things should be kept in n\r\d  when con- 
sidering these results. First, as mentioned ear 
lier, subject effects defined by the particular 
group comparisons were confounded with experi- 
mental effects. Although this is true for any 
transfer-of-training design, the probler is more 
acute witn the one-subject-per-cel1 design used 
here in which there was an a priori interest in 
examining most of the estimable effects.  It is 
very likely that a few experimental effects will 
be more than trivially biased by subject effects. 
The subject factor (pilot type) which was included 
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in the experiment did remove a large amount of 
subject variance and thus reduces this concern 
somewhat. Further, a ccvariate task was employed 
in the experiment (not reported here) which 
showed some relationship to the criterion task. 
i!'' Taking into account this covariate, re- 
sulted in only trivial effect estimate changes 
for effects of interest. Thus there are grounds 
for suggesting that subject confounding was ade- 
quately controlled, but this problem was not 
fully resolved. 

Second, there is the issue of generaliza- 
bility of results because of the 'In-simulator 
"quasi" transfer of training design. Ultimately, 
a simulator-to-fhld study with undergraduate 
Naval aviators is needed to confirm these 
results. This study provides recommendations for 
such an experiment and at the same time depends 
on a field-trai.sfer study for its own ultimate 
value. Confirmatory results c.uld oo a long way 
toward increasing confidence in in-simulator 
results and thus saving sorie of the enormous 
expense associated with field-transfer studies. 
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r\8ST RACT 

',,~"1'his f)aper· r·epor·ts thC' status of Phase I of un ongoing project to develop a 
rnaero mod(•! dPscr-ibing the decisions involved in ciE:veloping training equipment. 
Th0 pur·pos<' of the rnodt>l is to assist manager·s in maki11g such decisions by providing 
infor·mntion conc-C'rning the tr·adeoffs between cost and trair.ing effectiveness caiJSed 
by d i ffe r·ent con figu r·ations and choices of equipment. After the development of a 
pr·eliminar·y model. field research was conducted to determine the feasibility of test
ing such a mod .. ! and to collect infor•rnation to expand the preliminary version into a 
rnore pr·agrnatic tool.~ 

../"/ ·:'"-...._ 

lksults of the field work led to several conclusions. First. many of the types 
t qws nf data needed to va 1 ida te such a model arc available, hence making such 
~; pPoject feasible. Second, an examination of the available data leci to an expansion 
of t!w pr·el i minar·y model to include training value of the various trainer· characteristics. 
Thir·d, much W()t'k is needed to develvp longitudinal data bases of job performance 
il<~fut'l' ~ound flt't•dictions cnn bt- made concerning the impact of trainer characteristics 
un tel'f1nician pL•rfor·rnance after gr·aduation. 

PlJ!HJOSE 11ACKGROUND 

This paper· rcpor·ts the status of an ongoing 
pt·njt>ct to rlevelop a mncr·o model to nssist 
managers in makingdccisions concerningtrain
ing equip1ncnt. The modPl is designed to permit 
comparisons of alternative equipment and con
figur·ntions, and the associated cost and training 
C'ffeetiveness for· the alternatives. The project 
was designed to meet the thr·ee objectives listed 
bPlO\V: 

Tlw operational readiness of sophisticat
ed militar·y systems depends, to a gr•ept extent, 
on the skills of the technicians who maintain 
those systems. As the sophistication of curr·en't 
militHry equipment increases, the operational 
training for the use of such equipment becomes 
simpler. Conv~rsely, the training of technicians 
to mnintnin the equipment becomes an even mor•e 
complex task ( l). In order to assist in the 
training of maintenance personnel, ther·efore, 
the At·med Services are increasingly r•elying on 
the use of r.1aincenance trainers and simulator's 
(2). 

( !) To develop a macro model for use in 
rn::tking cost/benefit tl'adeoffs between 
the va'rious characteristics the~t may 
be utilized in training equipment, and 
to give both militar·y and industry 
guidelines to justify decisions relating 
to tr•ainpr• c'Psign. 

(2) To detL•r·rnine the cffic!ency of n sam
ple of traincr·s cur-rently in use. 

(:l) To deter·mine the relative cost nnd 
tr·um1ng effectiveness of various 
characteristics or· capabilities that can 
be used in tr·aining equipment. 

________________ , __________ , ____ _ 
'' The author·s would like to expr·ess their 

appr·ecintion to <Tnnet L. fllanche for her 
assistnnr:P dul'ina the prcpnratton of th!H 
rnanusl:r-ipt. 
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There are two basic reasons underlying 
this trend. First of all, it is assumed that 
training devices are capable of training a stu
oicnt at least us effectively ns lnstt•uction which 
only utilizes actual equipment. In fact, research 
in instr•uctional psychology suggests that the use 
of actual equipment for training purposes may 
be less efficient and effective thl'ln the use of 
trainir.g devices which pe:•mit gr•enter latitude 
in material preRentation (~l). For example, a 
training device can be designed so that an over
all tnsk Is broken into smaller, less complicated 
subtaFtkS which can b!! more readily grusped by 
a stUL.Pl1t. In theory, this lends to a betlt!l' even
tual mastery of the ·whole task (4). Trai'1ing 
de\·ices also allow students to pt•actice tlnd ob-
81!•''/e procedures which, although neceRsnr•y for 
eor,tpetency, lire po•entlully too dungerous H1 
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tl't'tn~ "f pPt'sonn••l c<tld/oz· Pquip~n(•.!t saf\!ty for 
till' rwnphytl• t•l pt>r•fnr·rn in the tr·aining envir•un
nwnt ('i). 1·'irwlly. tr•ain!ng dt•vic:ef. are nsstuned 
tu pr·~1vid~· rnol't~ t•ffi<'it''lt tr·aining- du'.~ to their 
btiilt-in capnhil!tir•s whi._·h ~1ll()w dlttf):natie stu
dvnt tJ1(lflltnr·in~. dt•r·r·c•;t~('(; inHtr•:ctoP dernand 
!\w r·mt• inv 'Jt·obll·:H.s. ;1nd itH.'Pt'aS•!d student 
t•x;,er·i"n<'f" :tnd pr~;~ct icp ( f\). 

Th<• ~;<'cond t't•:tson why tr·aining devices 
.t r·t"· ht·c~n11in.l2· inet·,·~t::;ingl_v ~'<.)ptt1at" i~ that such 
dflvicc•s :II'P c)ftt'n ~t:-iSlln1f'd tl) bp rnor·e C'.JSt l'ffec
,_.ffect i\··· til;tn tilt' US<' of actu:ll equirment (7). 
·rh•.• usc· of ~u~tu;1l t:Oqt!iptHc·nt in tr·nining sltua
tions l~ Pxpcnsivt.' in ttlrrns o: such factors as 
f"U,_'l C'l~tS. t.'(~llip!nt~nt \V4'<-1t .. nnd teat· or· d3rnage • 
.ttH! l·Jssufav:ri!:tbiltty !'or·o;wt•·ttion whiledivet'
t~:·d tl\ n·;·tininr~ use. ~rhPr"vfor~C', ('Vt~n when the 
tr·uinin,L! pffc'ct ivPnpss of a C'lnu·~e uClizlng a 
tcaini:q~ dcvic·:.• is only "quiv~1lcnt to that of a 
•·out·sp utili·/. i n.t.: th" :ret ua l <'qu ipcnl•nt. if t~1e 

dr·vice is lPs~ Pxpensive to nequirP and t"U!1 
chan tlw ~rctual Pquip:n<'nl, it is a better· value 
for tr·:rining pur·post.•s. 

.\!though sueh r•easons fur· using tPainin~ 
devic~c·s ar·e s<•duc•.ivc• in tht>or·y, thPsc• assump
tions h;!Vf' nnt ne<:Pssarily bePn found to be true 
in pcactic•·· Th<•r·.~fut··~. the quPstlon th:rt ar·ises 
is whethPP '>I' nut training devices are effpc
tivl' --either· in tcr·ms of ('Ost or training -
wlwn comrar•pd with :nor·e traditional training 
:net hods. ThP p:·irwipl.•s of lt•acning psychology 
hav1.• ll•·•·n found t•J f:ltl shor-t when pructil'ed in 
:nilit-1r-y tr·ainin~ situations (8). ,\!:my of the 
"comrn<ltl SPilSL'' ch;n·act<'ristics oftpn included 
in lht• dt•Hil!,n of t:·:tining devices (e.g •• high 
r't':Jiislll) have not l'''Pn found to be consistently 
effective (D. l 0). Fur·thet'lllOPt', although the 
pr·ini;tr'y go;il of tt·aining is to produce qualified 
t••chnicians rnur·,~ quickly, only one study has 
!wt•n pel'fm·r:wd to "ompaz·ativL'ly evaluate the• 
L'ffectivc•nL•ss of tt:>chnicinns trainee! with aetunl 
l'(illiprnent vePsus those tr·ained using si:rtulators. 
'Jo difft•t'l•ncps WL't'l' found between groups in 
this studv (II). Virtuail·.r no research has been 
•·onducte~ r·p]ating life (:ycle costs to training 
(~ fft'c t i v0nc~ss. 

Tiw lack of hard fncts conrerning the use
fulnc•ss of v:1rious trainer chaPac:teristic.'s makes 
tr·:t ining d<!vicP justification find design tradpoffs 
difficult. llecamH• of this, dL•cisions are made 
based onh· on cost factor·s since there ar·e no 
data :1v:Jil:1ble to evaluate• training '.'alue. There
fore. buth the Ser'l-[c,_,s' pr·oject rnanager·s and 
industr-y hnve been unable to ar·ticulate require
ments for trainingde•;ices in ter·ms of projected 
tr·aining va lu<'. !-:quipmPnt for tz·aining is often 
pr·orosPd. developt.,cl, and procur·ed witizout an 
<•Htirnat•' of tht• expected tr·nining effectiveness 
:tnd ·.vit!wut a thor·ough nnnlysls of which tnsks 
,_zre suited to the use of a tr·ainingdevice or sirn
ula toro. Such practices, however, mean that the 
<'~''-·ntinn ufDn optirn~rlly effective truiningctcvke 
is only sL•r·endipitous. 

SincP dfedive tr•tlining is 11ital for the devel
oprnPnt 11~ thr' ,.ddlled technicinns who ure n key 
link in tlw ell[lin of oper·utionnl r·endlness· (12), 
it is necessar·y that incompatibllltles between 
cuPrent assumptions nnd actual data be identified 
and t'P<'tified. There is, ther·r>fore, u strong 
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requir•errwnt thut training l'fficieney and effec
tivt>ness be consfjer1•d along with custs ciuring 
the front ·~nd anal.~'sis und design of new mainte
nance tr-aining eouipment. '[he for·mulatlon o( 

consistent and effecti\'P policies for such designs 
depends to a gr·~::ut extent on the use uf cost and 
training effect!veness data in a modtd of logis
tics, manpower, personnel, and training. The 
projections of such u rnodel rnust be further 
clar·ified unci validated using hurd data collected 
ft•om tlw field. 

Two s••ts of f..1ctors must be deult with in 
such a pr''1ject: economic considerations and 
training quality. llistorically, cost analysis has 
been ·tccomplished for· tradeoffs between a<'tual 
equ;l 111ent and simulators used for· training. Cost 
cons derations have been based on investment 
cost; und pfficit•nc,v items such as expected fuel 
savings. lloweve r·, experience with successful 
t r·aini n,g devices indicates that certain etfici
enctes which can also he a>signed u dollar 
value accnw once the trainer is fi<"lded. Exam
ples of these are t~me saved i:1 training, opera
tional equipment made available for· missions 
other tlwn trainin,,, lowered investment costs, 
r<!duced maintenatiCe costs, and less run time 
on operational equipment. Such potential effi
dencies should be identified and developed into 
,_m economic model for use in pr·ecliction of life 
cycle costs during front en<i anaiys is. 

Tht• second set of factors which must be 
considered in such a pr.oject deals '-Vith differ
ences in training effectiveness betwr2en courses 
t:sing training devices and those using the actual 
er]uipment. Often the aRsumption is incor-Pectly 
made that if a tt·aining device is less expensive 
than the actual equirment as used in training, 
it is a better buy, and, therefore. should be 
used. This line of reasoning is specious. In 
order to justify the use of a tt•nining device, 
it is fallaciouH to consider only the costs of 
acquiring and m~.intaining it. Attention must 
also be focused on how well each facilitates 
student lear·ning, and on the resulting benefit 
of mor·e quickly productng qualified technicians. 
While effectiveness is not easily quHntifiable, 
there are enough indicators to believe that. at 
least in gross terms, It can be measured and 
rno<ieled. Such information would be helpful in 
making sound management decisions on the value 
of simulators for training. 

The ev,tluation of the cost and training effec
tiveness of maintenance simulators and trainer·s 
is not a new idPu. In past studies, investigators 
have typically examined variables such as ac
quisition costs and training effectiveness in 
the Hchool setting (13). Military tl·aining, how
evt.: r, is intended to prepare personnel to per
form various jobs in operational units. There
fore, the true meHsure of effectiveness is uctl'al 
job performance r•athe:- than performance with 
in u training course. Similarly, although com
parisons between acquisition coats of training 
devices versus other training methods are an 
important consideration, it is also nece~:~sury 
to consider the comparative llfe cycle costs nf 
these methods before an informed decision can 
be mode. Such nn examination must be accom-



p!ished ovc•r n ht'<)ad fl]Wctr·um of appllcationH 
b•:for·e Hn u 1tirnate cr·iter•ion of tr-aining progr·arn 
c\fft\etivPnt>s~ c-;tn ht.'" Pstahlis'"'ed or rredictL'd. 

'I'\vo typt.'S of too~s ar"'' nt_1 cessar·y in ordr•t" 
to make Sl)tllld, know!r•d!'eablt> decisionfl durinrr 
the development of m<~:~·t •• rwn-ce tr·aincr-s. ThZ 
fi n;t nf these tools is :1 ::·tacr·o model which can 
~w ust•d as a high level filtt•r· in making design 
decisions nnd determining device justifiAbility. 
Th ::-; :,vp~' of model would act :1s a decision 
scr'<'Pn, specific t'nly ''llOllf(h ~or· early decision 
;nakinl~ by p:·ugr·ar~1 marw~~pr·s. Concomitant with 
Sllc h a eke is ion sc recn. :1 mor-e spec i fie, pr·ag
rnatic d•"sign screen ttH.st ,dso be devel0ped. 
This type of tool could be us0d effecti.vely both 
on a lnwer lew•! in DoD and in industry for making 
spn·iflc· cost/training c•ffectivc·ne~s tradC'offs in 
Uw design of futur·e tr·uinin~~ dc>vicf's. 

P!!i\SE 1: FII-:LD STUDY 

Ph;~se I of this pr·oject was designed as a 
pllot study to idc•ntify potpntial efficiency and 
pffeC't iveness factors. and to develop a proto
type mot!Pl with them. :\laintenance trainers 
wer·c· chosen for analysis in this phase of thC' 
s tucty for· the fo !lowing t'•-'H sons: 

( 1) Cost indicator·s and potential savin);S 
ar·p not obvious as in the case of flight 
simulators where flying hours hav•~ a 
known cost. Thus. the study avoids the 
tssues of expt>essing cost avoidance as 
an efficiency, and permits a focus on 
rnor·e subtle cost savings as well as 
hil-(hlighting eoncer·n on effectiveness 
issues .. 

(:~) lnstanr·es exist in •naintenanee train
ing wht•re individuals in the same skill 
nnd weapon syste:n wer·e trained ir dif
fer·ent ways -- some with actual equip
mt•nt auf other·s with training devices. 
This situ;1~ion a~lows the collection of 
control data better· suited for ;naking 
judgnwnts of the t'Plative •:ost and train
irH~ t'ff,•ctiverwss of cour·ses using train
in:~ device'S ver·sus tl· HH! which do not. 

(:l) ThP f:1c:tor•s leading to the design of nn 
effective 111dintenuncl' t1·ainer are much 
i<'SH well dl•fitwd thnn for• operator 
tt':1in0rs. Til<'t'c'for·e, if the charactcr·
istics kading to effective design can 
be deter·mir.ed and put into a model for 
mainten't"Ct' tr·ainpr•s, it is probable 
that nttc· :·.pts to generalize such u 
rr.odd would lw much lPss difficult than 
if the mod PI wen' fi :·st developed for 
oper•:rt"t' tr•nint•t'H. 

( 4) Emphasis on wny .'l to enhance mo inte
nnnce tr·ainin;z tn offset clesi["t, suppor·t, 
n:vi rn,n,powt't' problems hns forced DoD 
to look at ways to impt'OV<' and expeditP 
suppol't tr·aining. Selection of rnaintP
nnne<· t":lirwr·s for· this work is consis
tent with tile DoD emphnsis to lmprovc> 
tr•nining fot• 1naintenancc. 
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Prelimlnnry Model 

As discussed earlier in this paper, in or· 
der to develop a vulid tool to rnnkl! knowledg;?
Hble decisions concerning device eoat and 
training effectivenpss tradeoffs, four levels of 
val'iables must be considered: 

(I) Training effectiveness in the school. 
(2) Tr·aining effectiveness in the field; 
(3) Acquisition costs of equipment; 
(4) Life cycle costs of equipm;;•nt. 

HowevPr. although necessary in the creation 
of such u tool, these factors are not sufficient 
in and of themSc..'lves. There are also several 
modifying variables which, although not directly 
relating to d~vic0 effectiveness, act as filters 
integral to any compariRon between the effec
tiveness of u training rlevice versus the actual 
equipment (Figure 1). First of all. the goals of 
various maintenance training programs differ, 
and the principles of instructional technology 
do not lend support to the supposition that the 
same type of training will be equally efficient 
for all purposes. (For example, if the goal is 
to leach the student motor skills such as per
forming a task requii'illfrinteractive analog in
puts. on0 would probably not depend w:wlly on 
a verbal explanation -- without hands-on prac
tice-- to teach such a task.) Therefore, in 
ot·dpr to compare tile relative effectiveness of 
training pr•ogt·arns, it is important to keep in 
mind the objectives toward which the learning 
situations arf' aimed. A second filter which 
must be considered in the cr·eation of sueh a 
mo:lel is the chnracteristics of the students 
being taught. For example, in teaching a low 
level student with vitually no experience 0" 

knowledge in the subject area it would be nec
essar•y to go into rnueh more detailed explana
tions of the subject matter than when giving 
a review course tc> students who had been per
forming the same task for over u year. A third 
filter which one must be awar·e of in facing 
such comparisons is the characteristics of the 
instr11ctor teaching the course. For example, 
if an instructor does not under·stand .Jr like to 
use a particulnt• technique for teachi,lg, he or· 
sh0 will not utilize the method I!S well as an 
instructor who does. 

TherL•for•e, n I though c ornpn rin,q the rvln· 
tive effectiveness of maintt=nnnce tt•ainer equip
ment and actual equipment training is theor·eti
cnlly a struightL1rward task, it is important 
to consider these modifying va t-inbles - -progt•am 
goals, student experience and aptitude, und the 
instruclo1· experience a:1d aptitude -- in o.-der 
to rnenn:!1gfully interpret uny results of such 
u comrnriHnn ( F'il,(lii'P 1 )• 

This frarnewot'k waR used as a prelimin
ary par•r.digm to describe the field of training 
device cost and training effectiveness factors. 
The Phase I field study was then designed to 
test the effect of the independent variable of 
(t•ain!ng method on the four levelR of device 
t~ffcctlveness, lt1king Into account the morllfy
ing varlohles discussed above. The ob.feetiv<:>s 



;<,•: 'NCE 

l--~--;T_...~ 

ACTUAL 
EQUIPMENT 
TRAINING 

-, 
TIWNIMG 

EFFECTlVENESS 

-SCHOOL 
-FIELD 

carr 
EFFEcrtVENESS 

- ACtllJISITION 

-LIFE CYCLE 

-~ . 
''F\' ,w;•; ::,., (·''''!":~~''i;:''O ';,::,;j:{,~~t~ri~i,:;,~~;;~~~.7~-:~~\f• 

MODIFYING VARIABLES 

· i'RAINING GOALS 
·STUDENT CHARACTERISTICS 
·INSTRUCTOR CHARACTERISTICS 

l 
E 
F 

R F 
E E 
l c 
A T 
T I 
I V 
V E 
E N 

E 
s 
s 

Figuro 1. Paradigm for Dete•mi.,ing Relative Effoctivenf!Ss of Two Training Methods 

"r this field study wer·e to collect infor-mation 
to riPVL'lop this initial par-adigm into a testable 
rnudel, :ll1d to deter·mine thP feasibility of collec
ting ri:lt;t to tt~st the model. 

~I-~thodologv 

To he I p :1 <'h ieve these objectives, two sets 
of cl:lt:t col!Pction instr·urnents were developed. 
Tlw first <JI' thr>se wns n set of rlehaviorally 
i\nchor·ed Hating Scales ( !1:\HS) which were used 
tn assess technicians' perfor·rnnnce in the the 
field. In rH'dc>r to develop these scales, instruc
tor·s in t:w role of' subject matter experts were 
asked to create a series of critical incidents 
dPscribing h·~haviors which diff(•rentinte between 
a good technic.an and a poor one. These inci
d•'nls i'nc·used on specific techniciHn actions 
c!os,,Jy r·e!atecl to the job, and differentiated 
h•••wcpn success and failure as a n1aintenance 
tl'<'hni~i:ln. SPveral hundred of thesf~ incidents 
wen' collectt>d, thematically analyzed, and 
pLtced into scales. They were then rated by 
t~w instructors on a seven-point seale with the 
sc<dc value of I being very ;:>oor performance 
lwh:1vicll' nnd the scale value of 7 being very 
high performance behavior.. Those incidents 
with the lowest stnndard deviations and means 
closest to l and to 7 were then placed on a 
graphic type rating scale to be used as behav
ior·nl anchors for the scale. 

There are two advantages to using BARS. 
Fin!t, thedescriptionof thcacalepoints i"l writ
ten in terms that can be eas[ly understood by 
the raters. Second, sir.ce the type of person 
who developed the scale is also the type of per
son who uses the scale, the raters have a vested 
.interest in using the scales correctly (15). 

The usc of the OARS development techni
que in thiH Htudy yielded seven specific scales: 
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1. Safety: Behavior-s which show that the 
technician understands and follows 
safety pr-actices as specified in the 
technical data; 

2. Thoroughness and Attention to Details: 
Behavior•s which show that the techni
cian is well prepared when he arr-ives 
on the job, car-ries out maintenance 
procedures completely and thoroughly, 
and recognizes and attends to symptoms 
of equipment damage or stress; 

3. Use of Technical Data: Behavior·s 
which show that the technician proper
ly uses technical data in performance 
of maintenance functions; 

4. System Understanding: Behaviors 
whicil show that the technician thor
oughly understands system operation 
allowing him to recognize, diagnose, 
~;~nd correct problems not speci.fically 
cove red in the Technical OrdQr·s und 
publications: 

5. Understanding of Other Systems: Be
haviors which show that the technician 
understands the systems that are inter
connected with his specific system and 
can operat~ them in accordance with 
technical orders: 

6. 

7. 

Mechanical Skills: Behaviors which 
show that the technician possesses 
specific mechanical skills acquired 
for even tbe most difficult mainten
ance problems; and_ 

Attitude: Behaviors which show that 
the technician is concePned about prop
erly completing each tu!'lk efficiently 
und on time. 

i 

l 
l 

I 



Tht\St' ~·_,\"c\n ~kills Wt~:~(' found t,• be gent-ric, 
h•llt!!llg tr'·l<' ~ot' both ,;vslt•rn~ utlirr·ntelv dll;,•H•n 
!'c>t' tl\rs t'tudy pll;rst•. " • 

Th" st•t•ond dat;1 f'n!lt•etion instrument was 
.t S"t'il's •>fquesti•'nnnir·,•s for· studt>nts, instn,;c
t•n·s. nne! t••<'hnidans. ThPs<' questionnaires 
W<'l'<' dt•sigrwd to cullect two types •:>f informa
t iun: ( l) dernogr·aphic infor•mntion on subject 
Ll:~t•kgruund, trnining. and {'xper·ience: nn<i (2) 
suiljL•ctive inf,,r·rn;ltinn :-~u<'h us subjects' attitudes 
tuwar·d tr•;tining de\·ices in gener·al. und their• 
pt'l'ceptions :-~nd evaluntrons of the specific device 
with which they wer•e wor•king. 

For· this phasP Llf the study. thP f'-lli and 
f·>:lA :\W:\CS :'\avigation \lnintennnce tl'aint'r's 
wer·t· S<'lected to servP as thP data sources fop 
th.~ den•loprnent of the pr·elirninm·y model. These 
t•·niner·s llt't:' two of the most ~·e<.:ent examples 
of mainknance tt'~1itwr·s in the field. The F-16 
trnlnt.'t' consists of G series of six freeplay 
,.;y,.;tpms tksigrwd tl) :tssist in teaching maintc
na:wp cour·ses in the night controls. Cornm I 
C\av, electr·ict1l systerns, ('ngirw start. enginp 
dingnostics, and engine t•un for• the F'-16 nir
cr·nrt. TlwA\V:\CS dPvice is a procedur•al tr·ain
Pt' desir;n<"d to; •e used in eour·ses in navigation
:tl systt11 tll I11~lintentlnce. 

D:1 ta for· this phasP of tht> study wer·e collo?c
t<'d ft'<'rll subjects who had used these two tra:ning 
d<>vices. and :llso fr·om control subjl'cts who had 
gont' thr·ough tlw same courses without using 

'<w•.,..,._,...,~,.,., , . .., "'"'- "''-'~ ' "r.··-'4 ... • . ...., : .• ·,,,_-,•"' 
,,:·_, '.;;. ·~:,~;~;;f:':';;~. 

":"'·· .,.._ ,:~,_,~)_f,..:-: '1'·~'2 ' (''I 

the training devlet•s. The training effectiv<•nut~s 
Huft 'fatu wet'e collected using the thr-ee Vt'I'HionH 
of the que:-Jtionnnf rP to gutht>1 backs.p•uund dat« 
eoncer·ning the subjects and their opinionH of 
tl'afning cout'ses and devices, Tht! BAl{S were 
used to determine the instructor~:~' perforrnunce 
nppPaisnls of those students having just corn
pl!"ted the cour·se and of thone havin6 previou~:~ly 
taken the courses. Supervisors' performetnce 
appr·aisals were obtninE'd for' tP.chnicians having 
recently graduated the courses, ond for those 
who hr\d previously graduated the courses. This 
redun iant use of the. 13A.RS was done in order 
to help determine the validity of flUch subjective 
j~ldgm,.nts. and to partially ascertain the rela
tior.ship between judgments of technician per
formance at the school and field levels. 

liard data of training effectiveness were 
collected through student course test scores 
nnd Work Unit Code (WUC) information. WUCs 
yield hard data c_-mcerning group and individual 
level technician performance in the field in such 
al'e~ts as removal time, repair time, retest OK 
(HETOK) rates, etc. 

Data eoncernln~ the acquisition and life 
cycle costs for• courses utilizing and not utiliz
inJ the trainer wel'e also collected thl'ough the 
Air Force and the contructor. These field study 
data art' summarized in Tables 1 and 2. Miss
ing data in the tables result from the normal 
vicissitudes of subject availability Pncountered 
in 11 fit>ld study of this nHture. 

,,,ble l. Datil Collected in Phase I Fielcf Study 

-~-~· ~- .... ·--~----------- --------------·-------~-----·--~l 

TRAINING EFFECTIVENESS STUDY 
~----·-----·-·-------------,r---------·----------~.-----

School Field 

I 

~-----------------~-------------------+-------------------l----------------------~ 

~,~:~~~~:~-~:ctor lnter·-

F-16 F-16 AWACS 

views 

~ Student Interviews 
I 
i Instructor Question-

na ires 

Soft Dat~ 

• 

• 

Instructor Inter
vi e\1S 

Instructor Question
na it·es 

Student Questionnaires • 
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t fquirment Costs 

• Instructor Tra!ninq 
Costs 

1 t l'lstnJCt0r Prrpill'i_1 ti 
Timr 

Hard Datil 

t Devrloprncntill Costs 

I ' Equipment Cns ts 
I Tnstt-ur:tnr Trill ni ng I f 

C ns t s 

• Instr"IICtor Prepilt'ation 
Time 

• Are;-.. Requirements 

:\l U:uugh it '.ViiS ,.,,,.O_'!;r.izt•d dur·ing thr· con
stnrcti:>n <ll' tht• pr .. li!lltn;~r·y rnodt•l that tr·ainer 
ch:r:';.H'l(_•r·istics at'l' an i rnpnr·t:Jnt va :-·i:tble dir·ec
tly irnp;u:·ting !hr- C'ff'ectiv('nLlSS \Jf tr~1inin~ de
.,·ir_···s. :! ('(Hr~r··r, __ ·!;(·n~;ve list ot ~h._•t.t• ctlnJ~nctet'
tc>li<-;; c·,lJ!ld n·.lt hL• developed until the views uf 
•:l(' users we:''' coll••l'tecl and t)w impact of thp 
vctrior:s ch:tr':lteristics on effectivPness werP 
"LJservt·d. This inl'ur·•n:l!ion ::.:howpd that bv and 
l;t!'J;l~ tf1t' .~re;ltest 11 ne'~'d 11 

J'Ct,CPivt"ld by ~ser's 
w:1 . .,; fu:· high "r·ealis•n". As sL1ted earlier in 
t:1is P>~rwr, tr:lining literature does not totally 
Sttppr)J·t Sll<'h U Statf~/11Pl1t of r1P(~cf. lfO\VCVet~, 
:tf'll'r' c:lose PxnrninCJtion of the dCJta, it was found 
th:l! t 1

11· uiser·epanl'ies b1•tween the findings in 
thP 1iter--ature and the "universal" staten1ents 
hy tlw tJS<'rs wcr·p to a great extent a result of 
tf1<:• l:!ck of a consistent definition for the term 
"realis'll". For exampl.::•, whPn one in!itructor 
stn•ed the need for htgh "t·ealism" in the design 
"fan ·~ng'itw trim box to teach a motor skill, he 
was not cecessarily l'ef<'rring to the same dt:'c 
vice chdrGcterisdc as an instr·uctor asking for· 
high "r·ealisrn" of engine sounus. As a result, 
the characteristic of "r·ealisrn" wa8 replaced 
for the purposes or this model by the taxonomy 
listr_·d !wlow. 

!. .Static I\.Palisr!1 

a. Vi~;ual Hea!ism: The extent to 
;;hkh th•! devicP components or 
subsystems uppear· to be the same 
as on the uctual ,_,quipmPnt. 

h. Spatial HeHlism: Tl-te extent to 

F -16 /\WAC' 
·------~ -----~- ---------------- -------------------
lian1 Oilta Hard Datil -- ·- ~---------

• 
• 
• 

• 

• 

• 

• 

----------
Consurnrnilble ~1aterials • Consumrnable r~ater ·ials 

Rate of Revision • Rate of Revi~ion 

Equ i pn<ent f1<J i ntena nee • Equ i prnen t Main ten a nee 
Costs Costs 

Equipment Avail- • Equipment Avail-
ability ability 

Life Span of • Life Span of 
Equipment Equipment 

Fue l/Suppot·t • Fuel/Supporr 
Equipment Costs Equipment Costs 

Ins true tot· 
tion Time 

Pr2pa ra- • Instructor Preparil-
I tion Time 
I 

---' 

which tht.• device compont;n!s or· 
subsystems are physic:1lly situ
atPd as on tlw IIC'!uul (;quipnwnt. 

c. Auditory HealiSQ_l: The extent to 
which the device componer-ts or 
subsysten;s npproximat•~ thL' sound>'! 
o" th<~ nctud equipment. 

d. [(inesthetic ~~~alism: The extent 
to which the device '-'O:nponents or· 
subsystems appruxi n.ate the feel 
of the actual equiprn~nt. 

2. Dvnnmic Heal ism 

a· Tempo~al Realism: The ·~xtent 
to wnich the reaction time and re
sponse of the device components, 
or subsystems approximate the 
actual equipment. 

b. Extent of Simul:ltion: The extent 
to which ttTe devil''! as a sy-,tem 
approximates the total responses 
of the actual equipment rather than 
onl:r following the responses given 
in the technical data. 

The other training device characteristic 
which many users felt wus lrnportunt to consider 
wns computer aided instruction (CATI. This too 
appeared to be a taxonomy rather than a sin.,le 
variable: 

1. Student Aids: Those computer man-
aged functions which direc<ly aid the 
student to learn the mnter:aJ. 
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2 • Instw~~~: 'Th01-H:- con1putt~r rnan
agt•d functions which indirectly aid the 
instructor· in !t•t•ching- the student ttw 
:n<~ter·ia!. 

Thos<' computer manng
whieh fur!litnte the stu-

dP:-~t's usc• of thP tr·aining device. 

!Jased on th,•s•• tnxor.omi•·s and the infor
:nation collectt>d in Hw f:t>id, the preliminary 
rnodel was revised to l'Xpand the d•~scription 
'>f the pn:·amdPr's to bt• consider·~:•d in the design 
anci devt•iopmPnt of a tr·aining df.'vicc. (This re
vi s c•d mod••! is ..;r·aph ic ally dPpic!t!d in F'igul'e 
:'.) Tlw subjt•ctivP data coller·ted Hupported 
the hypotht•sis of tfw influt•th:t' of modifying va r·
iables on tl'aining effpctivPness. Uf the thr·ee 
or·igin:ll modifying variabl\'S considered, sup
por·t was found to justify further investigation 
u:' tlw l'fr,,cts of both student eharader·istics 
and tnlininc; pr·ogr·am goals on tr·aining effec" 
tivvn••ss. Information about these two chal'ac
t•·r·is!ics C<HrsistPntiy suggestPd that "lower 
le·.'el'' students- -wh,_•r·c this is defined bv skill. 
kcowledge. or <'XpP:·ience -can best be- taught 
using diff•!r·ent techniques than those used for 
''high,•:· level" stuclo;ont,.:. Similarly. the data 
.;uggestt·d that difft.•r·••nt sets of device charac
teristics woulri best lw util:zPd in t<~ilching dif
fer·ent pr·ugr·:trn goals (e.g., mechanical skills 
or· thPorPtic;d troubleslHlOting). 

The· r!ttitudes of an instr·uctor· toward a 
tr;lining device, however·. (although logically 
r·ela!Prl l<l how Wl'll the device is used by the-
instr·u .. ·tor· <~nd how well the studer.t uses and 
l•.•ar·ns from tlw dt.•vict>) were rwt found tu sig
:1i fie ally i:~:ract training effectiveness in the 
sit.•s and pr·ogr·arns investigated in Plwse I. 
In th<' tv.o pr·ograrns studied, the instrt:ctors 
:1s a whole wer·e r:1t~1er· ambivalant towar·ds the 
df'vict.•s when they first began to use them, but 
they bec·arne rnor·•• positive as their experience 
•vith the devices irH:r·t·as•~d. ·\!though this may 
c:tttsc: eli rr('t'ential effP<'Is in tr·aining betwr,en 
studPr:ts taught dil'ectly ;trter· tr·ainer acqui~;i
tion :1s opposPd to those taught later, the tffc•<·ts 
of thi;,; v:triub!C' appear• to be equc~ted nver· u per
iod time. i\ lesson to be learned here, however, 
is that impr·oved instructor training immediate-
! v followin,g tht• fit>lding of tlw training device 
c.:1n positiv.,•Jy impuc.:t \hl• acceptnncP and usP 
nf tht.• dvviet>. 

Although the modifying vnrinhles mention
,.rJ uhovp lwvt• signlfir:nnt irnpnct on the quality 
oft r·aining and rnust ':Je considered in the inter·
pr·l'talion <Jf effectiv•~ness data, the charactt•ris
lics of tlw devicP itself ar·,~ of suppr•ordinate 
imp<H'tnncr• in their- t.>ffect on cost an(! training 
••i'fectivcrwss. f.'tJt' the pur·pose of this mod(d, 
"effectivc•nPss'' is dpfincd as u relative term. 
Sint•t• training r:fft>elivr_•ncss cannr:t cur·r·ently 
lH• ,iltdg"d on an ahHolutt' seal<.>, il must be 
•!X'lrninerl through ~~ <'<lmpnr-ison between tht> 
quality of technicians in tlw field wh'l have hecn 
t;tttght tl:<ing a trair'ng clPvit:e vcr·sus those who 
hC!ve not. ThP r·c·lation,;hip or these ehar·acter-
istics to the over•;\ll model is repPesented to 
the hor-izontal "slice" cl<'pictt>d in Figur•e 2. In 
J.'igur·p :! , onP of thr.'R<' "slkt.•s" hcnl be,•n r·otnted 
DO dt'f4t't'CR in pr•dpr• t<J 1~ivc• n clr>:trl't' vil'w or Its 
t'O,Tlf.1Cll1t'nlH • 
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At this level, to~.: model can potentiully aid 
ln making more prngmutlc decision!! c:oncern
ln~ the design of training devieel!. Given u H<Jund 
definition of training device col!! (as ddined 
both by uequlsltion und life cyc.:le costs), und 
the 1.•stnbliHhrrwn: of a sufficient d<1ta bus•·, it 
will be r·elatively easy to determine tht.· cost 
associated with different trainin1: devlc:e de
signs under considerution. For example, in 
low quan:ities, those characteristi::s defining 
static realism are relatively low in cost as 
opposed to those characteristics defining dynam
ic rPnlisrn. Tht• missing factor in the design 
and development consider;~ lions of today, how
ever, it:l th~:: conc-omitant consideration of com
parative training eff•!ctlveness. By developing 
a large enough data base, it will eventually 
be possible to generate a seri<?s of equations 
which will allow managers to make decisions 
as tu the r·l'la ti ve tr·aining effectiveness of va r
io us alter·native design configurations under 
consideration. It will then be possible to det<!r
mine not only t!1e cost of acquiring and using a 
t rn ining de vic,., but a I so the training effective
ness of &uch .:: devke relative to the actual 
equip1:n•nt. F'or example, in Figure 3, for a 
certain tr·aining goal and student level there 
are hypothetically two different configurations 
which could bP used in the design and develop
rnt•nt of a trainer, both of whlc.:h would be 
equivalent to each other and to the actual equip
mc•nt in terms of training value. The recom
I11t'ndation would ·then be to either use the 
mor-e cost effective of the two alterr.atives, 
or to increase the projected level of ~I'Hining 
effPctiveness by selectirrJ:; a device co•.lfigur•a
tion higher on the 2:-axis. 

The development of this paradigm into a 
useable too! for rnanager·s depends upon the 
creation of pePforr11ance measurL'S to deter•rnine 
the training value of various dPsign charactPr
istics. Onct this is accornplishPd, tradeoffs 
between c-nst and tl'aining effectiv(•ness cun be 
dc•tt•r·rnined. It should bt• rPcognized that the 
design char·acteristics for a training cl~>vice 
or sirnulntol' ar·e the driving factors in effec
tiveness potPntia: and are also the nwjor deter
minnnts of the utlimute cost. This leuds to the 
conclusion that cost and benefit ti'adeoffs can 
be made for· design characteristics once the 
rnrmager deterrnines specific training objec
tiv::!s. It will then be possible to uppr•oaeh 
the l!H•ger· question of comparing cost and 
training effectiveness in or·der- to make a ration
al choice between equipment alternatives. 

PHASES ![ AND Ill: t'v!ODEL 
1\E:F!NEMENT AND VALIDATION 

The model as described above was develop
ed UAing lwo maintenance tr•niner•s. Before it 
can be considered as a vinble instr•urnent whkh 
can be npplit•d to other· maintennnee training de
vkeH It rnuHt undpr•go vnl!dntlon nMlr'L•flnement. 
To do thlB, It must be ascertained whether tiH~ 
parametet'fl of the model validly apply to othPr 
maintennnce training device syste•ns, whether 
the irrdicntors of cost nnd traininr, effectiveness 
ure menningful for the C'Valuation of rnainte
nnnce training devices, and whether the design 
churacter•iAtics included in the model signifi
cnntly !mpt.ct tlw ust~fulnesR of tlw deviC'P in 
ter·,ns of' tht•He ind!cntot'!.i. 
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Although this model has intuitive appeal, 
it cannot be used until it is validated. In the 
future, it will be-necessary to collect longitud- 
inal data along various points of the character- 
istics eontinua and relate these to both cost 
and training effectiveness- Such a validation 
must be longitudinal, to say the least, and is 
outsie • the scope of the present study. Valida- 
tion at this point in time will consist of collect- 
ing comprehensive data on the training systems 
currently in the field. The systems will be rated 
rated and placed on the characteristics eontinua, 
and used as inputs for the mode! validation and 
refinement. 

The next step will be to collect data from 
courses using maintenance training devices and 
their concomitant control courses. These data 
will be analyzed in terms of the structure oi 
the model tötest for goodness of fit. The mode: 
will then be refined in order to better account 
for all data based on any mismatches in the 
comparison. Once the model has been refined 
in Phase II, it will be further validated using 
a broader spectrum oi' training devices and 
simulators. Much is already known about re- 
quirements for development and design of 
an effective operator trainer. Phases I and II 
of the current study will offer significant parallel 
data for maintenance trainers. This information 
will be synthesized and validated Uw the crea- 
tion of a generic   model m Phase 111. 

Several types of questions are to be answer- 
ed in Phase 111. If the indicators of cost and 
training effectiveness are found to be valid for 
maintenance trainers, are they equally valid 
for operator and crew trainers? Do these indi- 
cators apply equally well to part task training 
devices ami to system devices'.' These kinds 
of questions murt be answered overtime before 
the mode! i\n\ be thought of as a univerai tool 
to be used by management. 

During the Phase 111 validation, each ser- 
vice will be asked to apply the model throughout 
development and acquisition of an emerging sys- 
tem. Use of the model during this phase will 
be controlled only to the extent that each ele- 
ment of the model oust be investigated. (Con- 
ditions nay exist where one or more of the 
element.«* may not apply to the chosen system. 
It is important, however, that as much infor- 
mation as possible be collected concerning all 
parameters.) 

The prediction of performance data will 
clearly he the most difficult to validate. This 
is compounded by the fact that not enough atten- 
tion has previously been given to the systema- 
tic gathering of such 1 dor nation. As a result, 
there is a lack of a sufficient data base, .fob 
performance data for the two systems investig- 
ated in this study were limited to a compari- 
son of WIT' lie:MS. tune to repair. RKTOK 
rates, etc. Other performance measures were 
subjective. Since the purpose of e »Heeling 
these data was to establish their usefulness as 
indicators of effectiveness rather than to eva- 
luate trainers, their use for this phase was 
acceptable. In the validation phase, however, 
it is reasonable to estimate probable effective- 
ness   gams   on   emerging  systems   from  using 

performance data, from existing systems. These 
estimates could then serve us u basis for selec- 
ting design features and justifying design 
decisions. 

DISCUSSION 

The model presented above was prepared 
as an archetype, showing examples of the types 
of considerations which need to be made in the 
creation of training devices. Such considera- 
tions will aid in making knowledgeable decisions 
relative to cost and training effectiveness dur- 
ing device development and design. Altnough the 
model is empirically based and analytically de- 
veloped, it is not without shortcomings which 
primarily reflect the state of Maintenance train- 
ing the Armed Services tod. 

ersonnel    is   that 
ie   being  studied 
nt value to train- 
ee rview. leather, 
aluable training 

The concensus of fi dd 
training courses such as t 
in this project are ofinsignif 
ing except fo."use as a gener 
many people feel that the mos 
is done during on-the-job training (OJT). This 
assumption is partially supported by the pre- 
vious literature in vvhich no differences are 
found between the performance of students hav- 
ing been through courses using actual equip nent 
and those who went through courses using a train- 
ing device. As stated i' the introduction to this 
paper, one of the shortcomings of this research 
is that the focus has been primarily on effective- 
ness vis a vis the school situation rather than 
the actual field situation. However, the very 
structure of maintenance training in the Ser- 
vices supports this assumption: students are 
taught basic information in the school and more 
specific information through either formal or 
informal OJT upon graduation. Therefore, 
all technicians will eventually reach a minimum 
standard of qualification for the job: if not, they 
will be moved into a different job classification. 
As a result . the question is not how effective 
is the training, but rather .how quickly does 
the student reach the level of minumuai qualifi- 
cation (   Figure 4). 

Figur« 4. Comparative Rites with Which Vinous Training Courses Prepa?e 
Students to M«et Minimurr. Standard of Performance 

Such criterion-referenced measures of 
training effectiveness may no longer be appro- 
priate since the advent of training devices. It 
is not safe to assume that because a training 
course has been taught in a classroom using 
actual equipment as an adjunct, that a training 
device must be designed to fit this mode. This, 
coupled with the   fact that there  have  been vast 
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advances in instructional technology, suggest 
th.it now is a good time to reevaluate eur- 
pent training methods , and devise a system which 
will enhance effectiveness in an absolute, not 
just a relative, sense■ It is not necessarily 
logical to take the same course documentation, 
as is currently done, and exchange the terms 
"training  device"   for "actual equipment. 

There is another difficulty which hinders 
the development of devices which are more 
training effective than the actual equipment. 
Although there have unquestionably been ad- 
vances m the area of instructional technology 
over the past ten years, in the main there is 
no empirical evidence to support their effec- 
tiveness. Kes.e-arch.ers have been pleading for 
more background investigation into these areas. 
However, although virtually every technical pa- 
per on the topic seems to end with a statement 
of this need, the research itself' is being done 
slowly. If we truly wish to improve the quality 
of maintenance technicians -- and concomitant- 
ly the operational readiness of the Armed Ser- 
vices -- it is well past the time to earnestly 
investigate these matters. More comprehensive 
performance data must be collected, and a long- 
itudinal data base developed so that meaningful 
judgments of effectiveness can be made. 

Some of the reasons for the lack of empir- 
ical evidence supporting the worth of training 
devices vis a vis effectiveness have beim dis- 
cussed in this paper. However, the lack of 
such evidence is not surprising: course approach 
does not change with the addition of a trainer; 
better instructional technology is not implement- 
ed in trainer design; the usefulness of the vari- 
ous instructional technologies is not known and 
is not being researched. Training devices cur- 
rently represent an engineering solution to a 
nonengineering problem. This must be 
changed. Creative designs and solutions in 
training terms must be applied in the develop- 
ment of such devices, with the application of 
new techniques to this new technology. 
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ABSTRACT 

The 34th Tactical Airlift Training Group ITATG) at Little Rock AFB provides initial and 
tactical mission gualification trailing to C-130 crewmembers. One of the new features of the 
newly delivered simulators is the inclusion of Stationkeeping Equipment (SKE). A complex set 
of-procedures for proper utilization of SKE during -formation airdrops forms a large portion 
ofJ*the tactical mission qualification traininq course." -The Training Programs Branch of the 
34* TATG conducted a study to explore the application of the^IFS, to pilot and navigator 
training. The study was conducted using four test classes. After a standard academic course, 
classes of pilots and navigators were divided into test and control groups. The tost groups 
were trained using a ore-designed simulator syllabus and their performance was measured in 
the aircraft. The control groups received their training only in the aircraft before 
completing the same performance measurement. The study results in terms of subjective and 
objective data showed that the IFS could reasonably support a traininq effectiveness ratio of 
approximately 0.5. The best training strategy appears to be ^ integration ot IFS missions 
among flying missions and qrour.d training rather than in one block^ We recommend inclusion 
of the IFS in mission qualification traininq. We also recommend a re-evaluation of the 
mechanics of the proficiency advancement concept. 

-', 

INTRODUCTION 

Background: The 34th Tactical Air](11 Traininq 
Group at-Little Rock AFB is tasked to provide 
the DOU C-130 training to student pilots and 
navigators. Mission qualification training 
covers the areas of airdrop, formation, and 
shortfield operations. Student pilots and 
navigators learn formation procedures for both 
instrument and visual operations. Formations in 
instrument conditions rely on Stationkeeping 
Equipment (SKE) to maintain aircraft 
separation. Traininq SKE procedures makes up a 
large proportion of the curriculum. 

Stationkeepinn E guiomen t: The Intraforraation 
Positioning ^et AN/APN 169A is a system which 
allows dp to 36 aircraft to maintain f ued 
sepa-'olion between airplanei. in format1 on, and 
tc locate and identify e ch other luring day and 
riqrt flights under instrument conditions. 
Oper'tion of tins equipment and specialised 
procedures for formation flight involving pilots 
and navigators are the main a"*eas of concern in 
this study. 

Instrument P1 ifrht Simulator (IPS): In November 
T$Wt the first L-Uufc "flight Simulator, type 
A/PJ7-ATS9, was shipped from the i»inger-link 
Corpora:ion, binqhamton, NY to Little Hock AFb. 
This technologically advanced aircrew training 
device (Alü) provides a training environment 
us'ng a simulate L-UU aircraft cockpit. The 
cockpit an   provide simultaneous training for a 

pilot, a copilot, a flight engineer and a 
navigator, controlled from an onboard, 
console-type, operators' station. The IFS is 
equipped with a six degree of freedom motion 
base which can provide highly realistic motion 
cues. A list of some of the simulator's other 
design capabilities includes full SKE airdrop 
simulation, radar simulation, manual or 
pre-programmed malfunctions, a library of 
demonstrations of typical maneuvers such as 
instrument approaches or airdrop procedures, and 
ir\  emergency procedures monitor function. 

Acceptance test nrocedures on the IPS were 
completed at Little Rock AFB in April 1981. The 
USAF Airlift Center Interim Report presents 
conclusiuiis concerning IFS capabilities based on 
Uualification Operational Test and Evaluation 
iuOT&E) results (1). Some of trie conclusions 
were: 1. The new simulator is superior to its 
10 year old predecessor. /. The new simulator 
is capable ot training crew tasks that onnot be 
accomplished in the old simulator. 3. The 
navigator station enhances navigator training 
and crew coordination. Annex i of that LjOHE 
lists special aircrew tasks that were round *o 
be trainable, partially trainable, or not 
trainable in fhe Irb. Vnong those tasks listen 
as trainable were: St<U tonkeeping Equipment 
checklist SKt formation escape, SM formation 
recovery, airdrop checklist, and airborne radar 
approaches. This information suggested that the 
new simulator would have direct application to 
pilot and navigator mission qualification 
training. 
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Summary of Primary Objectives: In June 1931, 
the Training Programs Branch of 34th TAT6 
initiated a study to explore possible 
application of the IFS in pilot and navigator 
mission qualification training. Listed below 
are the four areas of principal concern in this 
study arranged in order of decreasing importance. 

1. The primary objective of this study was 
to examine the transfer of training using this 
device. Positive transfer implies that as a 
result of training in the simulator, less time 
is needed in the aircraft in order to attain a 
predetermined performance criterion.(?, 3) 2. 
A second objective was to investigate possible 
course structures to optimize simulator 
effectiveness. Also under consideration was the 
best arrangement of the course from the point of 
view of efficient scheduling. 3. The third 
objective was to produce and prove simulator 
courseware and job performance aids. Since SKE 
procedures had never before been presented in a 
simulator there was no applicable courseware in 
existence. 4. An additional objective of the 
study was to determine the efficacy of the 
instructor training program. A further task was 
to establish a qualified force of instructor 
pilots and navigators in adequate numbers for 
the study. 

METHOD 

A number of types of training effectiveness 
studies were considered. The transfer of 
traininq design was determined to be the most 
appropriate to determine whether ATD training 
would improve a student's subseguent performance 
in the aircraft (4). 

Study Design: Throuqh the use of a transfer of 
trainino design, experimental and control groups 
would be evaluated both objectively and 
subjectively. The methodology of data gathering 
required that experimental groups be exposed to 
a pre-designed simulator syllabus and then have 
their perfarinince measured in the aircraft. The 
control group would receive their training only 
in the aircraft before completing the 
performance measurement. There were many 
constraints placed upon the implementation of 
this experimental program. 

Time and lumbers: One of trie most profound 
limitation-; was the availability of simulator 
time. In July, utilization reached 48 hours 
divided into four, 1? hour days. All use of the 
simulator was lost after 1 Oct SI due to 
installation of a visual display system. Based 
on this limited simulator availability four 
student crews each from classes 81-Oic, 81-014, 
H'-Olb, and 81-018 were selected as the test 
group. The remaining students in these classes 
and the student population in the intervening 
odd numbered classes made up the control qroup. 
The student test group *as composed of 30 pilots 
and IS navigators. While it would have been 
desirable to qet a more statistically 
significant sample for the test group, the 
actual number of subjects was thus limited. 

Missions: Numerous studies have shown that 
a training effectiveness ratio of .43 is a good 
average value (5). This value was used as a 
starting point from which planning proceeded. 
Based on simulrtor time available, frequency of 
class starts, and the number of days allocated 
for flying training, a preliminary decision was 
made to produce a traininq block of four 
simulator missions. Existing instructional 
piarib were changed only in the flying phase of 
instruction for both pilots and navigators. For 
the test qroup, this change includer1 four 
simulator missions and six f1yinq missions 
followed by the standard evaluation. The 
planned sequence after academics became one 
flying mission, a block of four simulator 
missions, f've more flying missions and an 
evaluation. 

The simulator was designed to allow for 
preprogramming of mission profiles. Due to 
system limitations dur;ng IFS testing, this 
feature was not available for this study. 

Subjects: The first class was conducted 
with students handpicked on the basis of 
previous C-130 experience or strong performance 
in the initial gualification course. With this 
background, they would not be hurt by any 
shortcomings in the initial syllabus 16, 7). 
Also, the best gualified students were expected 
to point out weak areas in the program. 
Students from the next *.hree classes were chosen 
so that the test group would closely approximate 
the control group in experience and aptitude. 

Data: The data collected for this study fell 
into one of two categories, subjective or 
objective. 

Subjective Data: The instructor mission 
reports provided course developers with their 
first feedback for improving the course as 
training progressed. This report aided 
oevelopers in resolving student critique items. 

Students were asked to complete a critigue 
of tne simulator course before and after the 
flying phase of training. The critiques used a 
1 to b numerical qrading scale to rate 
approximately 18 course-related areas with room 
for comments and student data. In this way, 
student attitudes could be gauged before flight 
traininq to qet immediate feedback on the 
details of the simulator curriculum. The 
critique administered after the flying phase was 
intended to indicate trie student perceptions of 
simulator realism and how well it prepared them 
for their aircraft missions fron the perspective 
of course completion. 

In order to get the instructors' overall 
view of the course, a meetinq was held on 30 Oct 
ül after all simulator training *as completed. 
The instructors had had enough time to mull o.er 
the proqram by the time the comments in the 
mission reports were raised for qereral 
discussion. A consensus was reached in each 
case about the validity and relative importance 
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of each item reported. This also provided a 
trigger for further discussion on several 
topics. This meeting was the last source of 
subjective data considered. 

Objective Data: Numerical data is extracted 
from student training records and evaluation 
worksheets. Instructors assiqn performance and 
knowledge grades based on student proficiency. 
The grading system spans the numerical grades 1 
to 4 for performance and A to D for knowledge 
levels. Data on flying time and number of 
sorties completed can ilso be obtained from 
these forms. 

Courseware: Instructor guides and student study 
guides are routinely distributed as a part of 
courseware for the academic and flying phases of 
training. With the addition of simulator 
missions, additional guides were developed for 
both the instructors and the students. These 
test guides were developed with two objectives 
in mind: the need to prepare students to use 
the simulator time effectively, and the need to 
adequately prepare instructors for the unique 
simulator traininq mission. 

PROCEDURES 

The test program will be considered in terms of 
two major phases: Design and Implementation. 
Also considered here will be the problems 
encountered throughout the study. 

Design Phase: Course developers were first 
exposed to the IFS in Mug 80 on a Training Group 
sponsored trip to the Sinqer-Link plant at 
Binghamton, NY. During the visit, Singer-Link 
personnel demonstrated the capabilities and 
desiqn charateristics of the cockpit simulator, 
the instructor onboard station, and the motion 
base. The developers returned after four days 
with enough data to prepare a preliminary 
planning document in Oct 80 that outlined 
assumptions, a scenario for incorporating the 
simulator in training, a study proposal and 
possible mission profiles. 

After the simulator arrived, it became 
apparent that the test profiles in the computers 
were unsuitable for traininq. It also became 
apparent tnat neither the equipment r,or 
qualified personnel were available fo reprogram 
the memory discs in the computer. ,his 'act had 
a major effect on courseware plinninq and the 
instructor qualification program since the 
developers had hoped to train the instructors o\. 
the mission profiles to be later used with 
students. 

Imp lernen tat ion Phrase: 
qua!if feat ion  students 
simulator training on 

The  first  mission 
(class  81-Dl?)  began 

t'i Jun Öl.  The last 

Between each of the classes, course 
developers made revisions to students materials 
as required. Course developers consolidated, 
printed, and distributed additional techniques 
covering simulator operation and failure 
trends. Training time was saved as the 
instructors were made aware of the experiences 
that preceding instructors documented on the 
mission reports. In general 3ll possible aids 
were provided and improved throughout the 
program to insure peak efficiency of student 
training and maximum instructor acceptance of 
the program. 

All students considered "in this study 
attended the standard academic training 
program. For pilots, this meant five days of 
academics followed by an initial flying mission 
and then a final academic day. For the 
navigators, there were eight days in academics 
and then the first flight mission. Following 
academics, the students who made up the control 
group flew a scheduled program of eight missions 
and a flight evaluation. The actual number of 
missions an individual completed varied. 

Upor completion of academics, the simulator 
group began a block cf four simulator missions 
of four hnurs each. The actual number of days 
needed to complete this training varied due to 
simulator availability. There was some 
flexibility built into the profiles to allow the 
instructors to concentrate training on 
individual student weaknesses. 

of Simulator p.asc, 

student crews completed simulator trjininq on I 
Oct SI a;id completed the course on tb  Oct 81. 

simulator students ^lew a program of six flying 
missions and a checkride. The test program 
called for these training flights to concentrate 
on low level visual procedures. To accomplish 
this, the test group and the control group would 
fly in separate formations during the flying 
phase. After the test group's fourth flying 
mission, the two groups could be integrated into 
the same formation in order that the test group 
fly in SKE formations as a review prior Lo their 
checkrides. This plan proved largely unwcrkable 
for operational reasons, so the flight mission 
profiles flown were essentially the same for 
both qroups. 

Problems Encountered: Other than the resistance 
to chanqe anticipated in a significant 
alteration of traininq, the following major 
problem areas were encountered durinq the test 
program: simulator maintenance, instructor 
attrition, and scheduling as it affected profile 
changes and proficiency advancement. These 
problems existed during the entire test program, 
and although they were overcome to the extent 
that the program was completed, they will 
continue to impact any full-scale incorporation 
of the simulator into mission qualification 
traininq. Ti.e background and impact of the 
problem areas will be considered here; possible 
solutions can be found in the Kecommendat ions 
section. 
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Simulator Maintenance: The most obvious 
problem that arises when trying to create a new 
training syllabus, simultaneously with 
fui";-scale development of an ATD, is building a 
core of kr>ow'edqe about the device. In the case 
of IFS maintenance, this was particularly true. 
The manning ipvel had oeen fixed at a number of 
personnel tu maintain the four old analog 
simulators plus two new devices. During the 
study period, this manning was required to 
maintain the four old simulators, the r.ew IFS, 
and two Cockpit Procedures Trainers. 
Additionally there was a requirement to retrain 
maintenance personnel from analog to diqital 
logic. 

One area of maintenance particularly 
affected by manning and training was simulator 
software. During the study period there were 
literally hundreds of software deficiencies the 
status of which was still unresolved between 
Singer-Link, Aeronautical Systems Division 
(ASD), and the Data Base Engineering Prototype 
Site (DEPS) personnel. Due to the manning 
limitations and training level of those assigned 
to DEPS, very few discrepancies were corrected 
during the study period. Instructors were 
forced to ignore and train around the vast 
majority of software errors. 

Instructor Attrition: In order that the 
test" program have a fair chance for success, 
qualified and motivated instructors were 
required. In the initdl staqes of the program, 
experienced and motivated instructors were hand 
picked to attend the Simulator Instructor Cour.e 
(SIC). The intention was to use the same 
instructors during tne entire period to 
eliminate the variable of differing instructor 
abilities from the transfer of training study. 
There was no problem retaining qualified 
instructor navigators in the test program, but 
this was not true of instructor pilots. 

The instructor continuity policy, two week 
class start interval, tiqht summer manning and 
instructor pilot losses combined to severely 
limit the number of available simulator 
qualified instructors. Althouqh the test plan 
recommended t:<e use of the same instructors as 
much as possible to eliminate variability of 
instruction, thi> was not feasiDle for the 
pilots. Considerable extra effort was required 
to train replacements within the minimal amount 
of remaining tine available on the device. In 
contrast tc the pilot situation, the instructor 
navigator force remained relatively stable. 

Scheduling and Profile Changes: Another 
variable that course Developers endeavored to 
hold constant was the content of the flying 
mission profiles. From the third mission 
through evaluation, the profile contains a SKE 
formation route, airdrop and approach followed 
by two visual formation low level routes, 
airdrops and visual recoveries. The test 
program differed from tne existing profiles 
beginning a mission three. Missions three and 
four were proposed to be visual  formation 

missions to balance the heavy SKE emphasis of 
four simulator missions. The remaining missions 
and the evaluation were to concentrate on 
SKE/visual profiles with the intent being 
alanced mission emphasis prior to the 

evaluation and course completion. 

Tne profiles actually flown during the test 
program did not adhere clocely to the guidelines 
for either the normal or the test program 
profiles. During the test classes, it was 
impossible to fly the test group independently 
of the control group. Only infrequently did all 
the test group aircrews make up a formation for 
which only visual formation events were 
planned. Discussion of the effects of the heavy 
emphasis on SKE by the test group will be 
considered under the Conclusions section. 

The end result was that although course 
developers had hoped to test a specific sequence 
of simulator and flying missions, scheduling 
produced a lybrid sequence of missions ^sed on 
what existed and what was desired. The 
all-visual missions of the test group were never 
realized. Seven rather than six missions were 
actually flown, as a rule. 

Scheduling and Proficiency Advancement: The 
courses administered by this training group 
operate under the concept of "proficiency 
advancement". Proficiency advancement is an 
operating theory under which each student must 
demonstrate proficienc> at a task before he or 
she can advance to the next phace of training or 
be recommended for evaluation. The lack of true 
proficiency advancement was found to be based on 
a limited flexibility in the scheduling of 
flying time, constraint arising from 
simultaneous training in multiple crew 
positions, an informal instructor rating system, 
and the constraints associated with 
accomplishing trainino events. These factors 
tend to discourage proficiency advancement and 
cause the vast majority of students to fly aoout 
the came amount of time eacn class. This 
problem is further discussed in Conclusions. 

RESULTS 

The results of the test program will be 
presented in two parts. The first part will 
deal with the students and the second part will 
consider the instructors. While there is some 
overlap in these two areas, for the most part, 
they are distinct topics. 

Students* The test program encompassed 30 
student pilots and IS student navigators. The 
cata compiled on these test subjects and the 
control group will be presented here. 

The pilot students were well qualified with 
ir average of <M1S flying hours (1631 nrs 
C-UO). The copilots were mostly recent UPT 
graduates with in average of 438 total hours (4Ü 
hrs C-130). The navigators had a mix of 
experience levels ranging from 7000 hours to 140 
hours with a total flying average of 19^4 hours 
(bbO hrs C-i 30). 
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Students completed critiques which rated 
individual areas of course desiqn and 
effectiveness. A five point scale was employed 
with catagories labeled from "poor" io 
"outstanding". Critiques were completed at the 
end of both the simulator and flying phases. 
The ratings were consistently excellent to 
outstanding in most areas. Of particular 
interest were the overall ratinqs (pilot and 
navigator responses combined) at the end of the 
flyinq phase. Seventy-six percent of the 
students rated the simulator excellent or 
outstanding as a transition to the aircraft. 
Sixty-nine percent of the students similarly 
rated the program outstanding as a transition to 
the flying phase. 

In addition to the ratinqs, the students 
made comments on the critique forms. Some of 
the comments dealt with suggested char.qes in the 
missions, such as more or fewer malfunctions« 
These suggestion? were acted upon when 
feasible. The size of the list was deceptively 
long. Some of the comments were contradictory 
and thus heir validity is suspect. For 
instance, some students in class 81-016 
recommended elimination of SKE lead time while 
others recommended an increase. The remainder 
of the unresolved comments will be studied 
further to improve the syllabus. The largest 
comment area was praise for the course as 
beneficial. 

Averaqes for the number ot sorties and 
flying time expanded for training classes during 
the summer of 1981 were tabulated. The results 
show that the test groups experienced fewer 
average sorties and flying time than the control 
groups, but not by the margin hypothesized in 
the Method section. This information is 
summarized under Program Averages (figure 1). 
It should be noted for class 81-014 and 81-016 
that, although the students completed training 
with fewer flying hours and number of sorties, 
the test group required more trainino days than 
tne control group. The cause of tnis anomaly 
can be traced to the profile changes, and the 
effect of the increased number of training 
events generated by the use of the ATP 
(discussed under Conclusions). 

A complete listing of all the control group 
flight evaluation discrepancies was compiled tor 
pilots and navigators respectively. A 
comparisot was made ot discrepancy areas and 
frequencies between test and control groups of 
pilots and navigators. This data shows 
Significantly fewer discrepancies in the test 
qro p for SKE enroute formation position for 
pilots. Skt departure and SKI recovery 
discrepancy rates Ar^ approximately the saw for 
control and test groups in relation to 
respective populations, Jio trend can oe seen in 
navigator discrepancies when comparinq test wd 
control qrcNiPS except in the &ri>.A of SM 
knowledge and use. Overall, Ski knowledge and 
formation position flyinq discrepancies appear 
to be reduced by the inclusion of IFS nissions 
in the syllabus. 

Also in figure 1, the overall percentages 
show that test group pilot and navigator 
students completed training without 
discrepancies more often than those in the 
control group. The test, group accomplished this 
with fewer flying sorties and hours. There 
seems to be an insignificant difference in tne 
number of days in trainiio between test and 
control groups for the pilots. The navigators, 
in contract, show a difference of about four 
days. The significance of all these areas with 
reference to the utility of the ATU with be 
further discussed in Conclusions. 

Instructors: Based on the Instructor Mission 
Report ratings there seems to be no identifiable 
trend to the usage pattern of the simulator. 
Reliability rates for the device will be 
discussed later in this section. The instructor 
pilots and navigators indicated their 
perceptions of device operation and training 
value with a numerical rating. The data 
generally reflects a "good" rating for device 
operation and a "qood" to "excellent" ratinq for 
traininq accomplished. T^ere is a high 
correlation between the device operation rating 
and the training accomplished rating. 

In addition to the ratings, the instructor 
comments were compiled from the instructor 
mission reports. Also tabulated were the 
frequency of the comment, area of responsibility 
and the status. Numbers of comments declined 
over the course ot the test as the program *as 
"debugged". A lifting of maintenance related 
comments extracted from al 1 OT tne instructor 
mission reports was correlated with frequency of 
occurrence and numbers of ineffective sorties. 
The data shows that of the 60 simulator periods 
required to support lb student crews \3 classes 
x 4 crews x 4 missions + 1 class x 4 crews x 3 
missions), 10 periods were lost and had to be 
rescheduled for an overall ineffective rate of 
17%. There seems to be a decline in the number 
of maintenance related comments -o\er the course 
of the program, but the number of ineffective 
sorties seems constant. Tne predominant 
maintenance problem varied from class to c lass, 
for instance, hydraulic control locdinq was a 
prooiem during class 81-014 while motion 
piatform jerking and software problems affected 
classes 81 -016 did 81-018 respectively. The 
problers listed Art^ fairly evenly distributed 
between hardware und sott^a^e. Additional 
training time was lost or the content degraded 
by less significant equipment faitunvtions that 
went unrecorded. 

As M i t h t he unreso Wed s t uoen t 'Ojstimen t s, 
some instructor cwttments on the same topic are 
contradictory   AKü tne.r   validity   \s 
questionable. To resolve the»e contradictions 
and other comments, an after action meeting was 
held on 30 Oct si «un all available 
instructors. The remainder >f the comrvnts *\\\ 
also be studied further to \wow th«* syllabus 
and operations/matnienance interaction. 
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Statistical  Area 

Ranks 
 2"LT 

iLT 
CAPT 
MAJ 
LTC 

TOTAL NO. OF SUBJECTS 

SORTIES PRIOR TU RECOMMENDATION 

HOURS p-iOR ^0  KECOMMENDATION 

# OF DAYS TO COMPLETE FLY PHASE 

CHECKRIDE RESULTS 

0-1 
0-1/2 
0-2 
Q-3 

PROGRAM AVERAGES 

PILOTS 
Test Group    Control Group 

IS 
4 
1 

30 

7.2 

32.1 

20.7 

2b - 87% 
I - 03% 
3 - 10% 
C - 00% 

4 b 
7 

37 
lb 

b 

110 

8.8 

3S.0 

20.3 

79 - 11% 
21 - 19% 
b - OSS 
4 - 04% 

Test Gi oup 

S 
0 
1 
4 
2 

lb 

7.6 

N/A* 

22.b 

11 - 73% 
0 - 00% 
1 - 06% 
3 - 20% 

NAVIGATORS 
Control G.-oup 

13 

4 
1 
0 

20 

8.4 

N/A* 

IS.3 

14 - 70% 
3 - )b% 
1 - Ob% 
2 - 10% 

* Data not available.  Not considered relevant due to use of cniy pilot data ^"or flying program 
srhedu!inq. 

Figure 1 

CONCLUSIONS 

Primary Findings 

Transfer  of Training:   A  transfer  of 
trailing ratio of .3s «as originally 
hypothesized. Based on a program of four 
simulator missions, this rate would suggest An 
approximate savings of two flight missions while 
holding training standards constant. The 
subjective and objective data collected by this 
study, with some qualification, support the 
hypothesis. 

The overall flight evaluation results (see 
figure i) clearly show that U-i rates .«ere not 
degraded witn th> adoption of the ATP. The 
pilot data even suggests a slight improvement in 
this ra'e. In the specific subareas related to 
SM prccedi-»-; !h*»re «as a significant 
improvement for Loth >ilots and navigators, ror 
pi'otS there wa. \ :>9% decrease m the number of 
SKE related discrepancies. For navigators there 
was a 100% decrease (the actual number of 
discrepancies declined from two to :*ro). 
The numbe-' of aircraft missions flown p*-ior to 
evaluation \sorties use rate; also declined with 
the addition of the AID. The decrease was 1.6 
and .8 sorties for the pilots and navigators 
respectively. Although this decrease Joes not 
f?lly support the hypothesised transfer of 
training rat«», there is evidence thai this rate 
was adverse!, affected by factors unrelated to 
training. This subject will **e discussed und-r* 
weaknesses of the Study in this sertion. 

Student and instructor feedback, as derived 
from critiques an i mission reports, st.'Onqlv 
supported the use cf the ATP for SKE training. 
On 30 Get 81 .in after action meeting was held 
with ail available instructors who hac 
participated in the SKE test. The consensus 
recommendation for future simulator use was a 
program of four simulator missions and six or 
seven flying missions plus a flight evaluation. 

Course Structure: Data from this study 
sugqests that a block of simulator missions is 
not the most effective or efficient structure 
*or  use of the ATD. 

The addition of simulator missions to tne 
training program increases the total number of 
training events in the flying training phase 
from fourteen to sixteen. This increase in the 
number of events caused an increase in the 
number of days required by the test group to 
complete the course (see figure 1). In the 
interests of safety, instructors are usually 
restricted to a ma*i:r.um of three actual fi/inq 
missions per week. By integrating simulator 
missions in the flying phase the greatest number 
of training events can be accomplished in tne 
time allotted. 

The integrated structure ma> also be the 
.•©St effective use of the ATD froc a transfer of 
liaininq point of view. Instructors noted a 
weakness in the blocked schedule used for the 
t.'vt. The test plan called for e sequence of 
two visual flight retssions, four SKI simulator 
missions, then the regaining flying missions. 
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Instructors pointed out that students were 
inclined to forget visual procedures du'inq the 
concentration on SKF in the simulator. 
Instructors felt an integrated approach would 
make better use of all missions. This was the 
recommendation of the instructors attending the 
after action meeting. 

Courseware; Courseware included a variety 
of guides and job aids desiqned to assist the 
students and instructors in the use of the ATD, 
One of the objectives of this study was to prove 
these support materials. To some degree this 
effort was hampered because much of the 
courseware was revisea in response to student 
and instructor comment during the test. Thus, 
the courseware as an independent tesc variable 
was not held constant. However, nasea on 
positive feedback from instructors and students, 
plus the positive transfer of training rate for 
the program, the test basically proved the 
efficiency and validity of the materials. 
Further testing for validation io suggested 
under Recommendations. 

Instructor Training: Sufficient simulator 
instructors were qualified to complete the 
study. There was no specific data collected on 
the relative competence of these instructors but 
it may be assumed from the positive overall 
study results that minimi, i competence was 
attained. There were two programs used for 
instructor qualification. The first was a 
highly structured prog'"am includinq an academic 
block and A hands-on training block. The 
instructor's after action meeting recommended 
specific impro verien ts to this program. They 
are: 1. Reduce the length of the academic 
phase, 2. Increase the amount of hanus-on 
training, and i. During hands-on training, 
include training missions with actual 
students. A less formal check out program was 
used to make up for instructor attrition during 
the test. This program involved "piggy backing" 
instructor candidates on training missions with 
fuilv qualified instructors. Although tnis 
program is less desirable than the first, it :Ud 
meet the ne**6 for  qualified instructors. 

Add it icnal F i ndings 

Maintönaiä.:je_ Support: All» maintenance had a 
majorrTmpa"c*r*on the test proqr.-yr--. The test was 
hampered by n.irdwjre and software deficiencies 
through>it it*, ''un. Some deficiencies were the 
resu't of iocor*ec* in ilia' ues-qn white others 
«ere due to maintenance manning and sol. 
levels. 

Some c$ef «c ienc *•** rema*n uncorrected due to 
the U>w maintenance manning ind tram tug levels 
which currently exist. Manning levels for thr 
IFS will i^imve as the old s'^u'aters art* 
deco**tmissi *tr-*<;. It is to £>e hoped that 
knowledge levels in tne maintenance ranks will 
increase with the Conversion of personnel *>oi' 
ana loq to digital svst***ts\ and with more 
ftperte-ice .*aint 4tn inq this dtv'.ce. 

Training Capabilities: Some important 
training capabilities were not designed into the 
All). For instance, one important training task 
is the performance of SKL procedure turn 
recoveries in the wing position. A capability 
of th« simulator to train this task was never 
contracted for and thus ne^er designed. As 
another example, trainers desired to use the 
concept of "backward chaining". This concept 
refers to a way of training a task which is made 
up of a series of chained subtasks. The final 
subtask is practiced first, then the last two 
subtasks, then the last three, and so on until 
the entire task is practiced. This concept 
works particularly well when the last subtask is 
the most difficult, since the last subtask is 
the most practiced. In airdrop training, the 
final subtasks are the most difficult to master 
and thus this technique could have proved very 
useful. However, the aesign of the Sk£ computer 
program required the triggers ot a aeparture, 
climb, descent and slowdown in order to make an 
airdrop. Multiple approaches to the drop zone 
cannot be accomplished without flying an entire 
route. At some future date this basic 
programming may be rewritten, but these training 
events cannot be accomplished at. this time. 

In addition to deficiencies in the design 
ana initial programming of the device, some 
other features of the device were unuseable. 
The automatic profiles, performance measurement, 
prerecorded demonstrations and auto message 
features all had a questionable reliability 
record. Their intermittent operation caused a 
degree 0* frustration in the instructor ranks. 
A large number of sottwart: changes will be 
required before these features Are  u-eab'e. 

The user/trainer should not expect perfect 
performance from a prototype ATU during the 
installation and testing phase. Eventually, 
logistic and maintenance support should meet 
expectations. Long procurement lead times are 
to be expected on software and hardware items 
tor a new device. The procurement contract 
c'auses that specified testing in the plant &n$ 
at the site ana A data freeze date of 1977 may 
have provided some protection from defect in the 
ATp, out they also extenovd the time at which 
maintenance ana logistic Support will catch up 
with desired training quality. 

In ?thod WeaMi evi e s o[ t_h e Study: 
section, the course developers proposed to 
extract res.it, from, .h«' grade shecs Co Support 
collection of objective data. ln;s was not .lone 
because of the limited vilue of this data, 
whenever ar, evaluator remembered to complete the 
evaluation column of this form, a': areas 
applicable to Ski forma1 ion position and 
procedures were usually graded at the rsntmum 
level of proficiency. The few evaluators who 
avoided this central tendency and \ho*ed ->Qme 
variation in performance inz knowledge levels do 
not represent a numerically significant group 
for   study. 

?n«s study has limited *4h.<<* because of t*v 
«anner  in *>•■ ich  f he  ob j**ct i ve  ■ j *t a  «a*» 
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collected. In the pilot mission qualification 
course, there jre no specified criteria for the 
required .ove1 of proficiency in flyinq the SKE 
wing position. Tnis position is flown 4,000 
feet in trail for the number 2 winqman and 8,QUO 
feet in trail for number 3. A criteria such as 
"maintain 4,000 feet in trail as number 2 
winqman ♦ ' 000 feet" does not exist. There dre 
no specified Omits ir> MACS 60-1, Aircrew 
St,andardization Eva 1 uation Program, in relation 
to acceptable limits of formation position. The 
SKE subareas on the evaluatcr work sheet are 
gr, led satisfactory or unsatisfactory. For Uns 
study, course developers have been forced to 
rely on subjective evaluator judgements of 
formation position and use the checkride 
pass/fail rates as objective data. 

The control of variables was a major 
weakness of this study. Too many condition- in 
the traininq proq^am were allowea to chanqe over 
tne course of the test. Traininq profiles» 
numbers of sorties, instructor personnel and 
other proposed parameters discussed under 
Problems and Results varied significantly. The 
test program missions in the new simulator were 
developed to complement the existing flyinq 
program. If the simulator had been an 
established traininq device, a chanqe in 
traininq policy would h*ve required validation 
of a modified flyinq program. Neither of these 
approaches is optimal. A training syllabus that 
teaches required tasks should be prepared and 
then traininq time apportioned to thv. ATD's or 
flyinq traininq based on the most effective and 
efficient utilization of these resources. 
Exercise of control over all phases of the 
training program desiqn would have insured more 
accurate ten results. 

Two additional weak are^s deserve 
discussion: proficiency advancement inö the 
small number of test subjects. As discussed 
under Procedures, advancement was adversely- 
affected by current schedulinq practices. As 
discussed in this section, proficiency »s rather 
ill-defined anu event oriented. When the 
student has flown as' the required events listed 
on the grade sheet on the required number of 
flying missions estaolished by the Course 
bu'^in^ry Inuument, he is generally considered 
proficient. In examining the term "proficiency 
advancement", as it was applieu to tne test 
program, it is evident that "proficiency" was a 
subiec* ;«e evaluation *it! little basis in 
objective fact and that advancement" «as 
inflexibly based on tneir slant's flyinq 
schedule. Neither of these problems could he 
overc >me in the te^t program methodoloqy by the 
relatively small number of test suDjects. :>ee 
RecOfttnen.dat ion«, for applicability to future 
syll»b; «id any further investigations. 

in' *^uCtor Ut i1[lotion: A final point to 
v-.sure continued traTnTng""effectiveness of tnis 
AH» is the siniOe instructor concept. Even 
though this variable has not been adequately 
studied, there Appears to be ir\ increase in 
effectiveness *hen a smqle instructor is 
re<03!»sible  for  both  simulator  and  flyinq 

training. This allows instruction yiven in the 
simulator to be more compatible with that yiven 
in the aircraft. This should reduce any 
possible neqative transfer that could occur as a 
result of instructor idiosyncrasies 18). 

Recommendations 

Pr! -1(y Recommendations: Unti 1 a 
significant amount of further data can be 
compiled from students in a mission training 
curriculum incorporating the IFS, the following 
recommendations are made regarding that 
curricuiurn: 

11) The IFS provides good initial 
Stafionkeepiny Equipment training and should be 
integrated throughout the flying phase of 
instruct ion. 

\?) The course of instruction for 
pilots and navigators following academics should 
consist of four simulator missions interspersed 
with six flight missions and an evaluation. 

(3) Thc simulator instructor candidates 
should receive one day of academic training, two 
simulator missions without students, three 
training missions with students and an 
evaluation (if required). Instructor training 
should be accomplished usinq the traininq 
syllabus for the instructor's course (9). 

(4) The courseware that *as developed 
for this test program should be formalized and 
used until validation on a statistically 
significant student population is completed. 

[b) Greater emphasis un true 
proficiency advancement should be supported by 
managers and supervisors. Training should ue 
less »vent oriented and scheduling handled with 
more flexibility. 

Add11 ional Recommenoations: The followinq 
recommendations Are of " less immediate 
importance, but should also be implemented: 

(1) Specific performance criteria 
should be establisned .or tasks trained in 
simulator and flying iraming tor the purpose of 
testinq and validation. These criteria will 
promote standardized evaluation uf student 
performance by instructors and evaluator-. 

[2 continuing studies *.,uuld 
investigatt the rate of proficiency attainment 
in simulator and flyinq training to identify the 
best media tor instruction. 

(3) Adequate  A*l>  time  shoul; 
allocated for course development efforts. 

be 

(4) Continuing efforts should be made 
to 'mprove ATD maintenance support and AID 
reliability. 

iS) A concerted effort should be made 
to improve if 3 software so that «11 design 
capabilities of "ch«-1 device »*re fully useable. 
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Refining these features will 
workloads. 

ease instructor 

(6) Every effort should be made to 
increase supervisory awareness and support for 
lest programs and validation studies. 

(7) Standardization and Evaluation 
should recognize the effectiveness of this 
device for student training as described in this 
report or conduct their own validity assessment. 

It is through periodic management reviews 
and studies cf this type that training policies 
are examined and constructive changes made to 
improve training technigues. 
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ABSTRACT 

'"the Instructor/Operator Station (IOS) of a simulatc_r is the focus of user control of 
train(n,,; exercises. Design of the IOS is, therefore, crucial if the user is to carry out 
his t~aining roles Jnd re~ponsibilities efficiently. Unfortunate]•, lOS ~esig~s have often 
been PQ_<1rly human engineered and have been based on insufficient training and human factors 
data. -This paper (l) assesses IOS designs for current-generation Operational Fl:ght 
Tr.1lnE'rs (OFT) and Weapon Systems Tnliners (WST), (2) identifies strengths and weaknesses, 
(3) develops an approach to improved lOS design, and (4) develops alternative IOS configur
ations. The alternatives arf' comparable in training capability. They differ in their 
primary methods of control: fi:<ef.-function console-mounted electronic touch pads v~rsus 
varL1ble-function CRT touch panels. The primary conclusion of the paper focuses on the 
import.1nce of systematic application of training data with the resul-tant potential for 
improvement in lOS design and operation~ 

It'TRODUCTION /\ 
In the past decade the states-of-the-art 

in both training systems :1nd simulator tech
nology have ,1dvanced rapidly. Innovation in 
tr;lining systems has resulted from the use of 
the procedures and techniques inherent in 
Instructional Systems Development (ISD). 
Simulator hardware and software advancer. have 
been numerous and varied (e.g., computer and 
software capabilities, visual system tf'ch
nology, data entry n:ethods and dat3 manipula
tion techniques). These innovations and a 
variety of other factors (e.g., fuel costs, 
safety, etc.) have led to escahtlon of the 
URC nf training devices. lndicationG are that 
this trend will continue in the foreseeable 
future. 

ln many instances it appears that tech
nology has been the driving force in traininp. 
device design. Devices have been designed 
because the technology existed, not because an 
analysis based on training requirements deter
Mined the be!'t candidate and its capabilities 
to Meet the training requirement. The results 
h<Jvc been that money has been spent. for tech
nology with little regard to training effec
tiveness. 

The Instructor/Operator St<Jtion (lOS) has 
been the recipient of much of the explosion of 
simulation technology. As technology has 
:•ermi tted higher fidel i. ty simulation of more 
and more trainee tasks, it has alf'o. enabled 
cxpnnded capabilities to control the simula
tion en•Jir..,c:ment. These capabilities have 
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been incorponted into the IOS. All too often 
selection and implementation of the capabili
ties have been based on insufficient analyses 
and data. As a result lOSs and the associated· 
software have been poorly designed. 

Training devices have been delivered with 
lOSs •~hich are complex and diffic' :t to oper
a ce. This has led to user frustration in not 
being able to use the device to its training 
potential. For example, many lOSs have multi
ple data entry methods such as switches, light 
pens, numeric keyboards, alphanumeric kPy
boards; multi-function switches; pages and 
pages of CRT information which must be called 
up before the speci fie i tern can he located, 
etc. Extensive formal training is required 
for the instructor/o~erator to become profi
cient. Daily use is required to remain famil
iar with the operation of the IOS. ln the 
"real world" situation the instl uctor/operator 
may or may not have had formal training. }lore 
likely he has received an abbreviated on-the
job training program and does not use the 
device daily, Many instructors are, there
fore, not qualified to administer training in 
the device. The result is that training qual
ity, quantity, standardization, and efficiency 
suffer.· 

IOS design is not just the physical layout 
of 1 work place. It also encompasses consid
er:tt Jon o; instructionnl features, information 
management, software capabilit1es, and many 
other varied factors. To properly incorporate 
the man:; factors into an efficient training
eff~ctive design requires a systemalic 
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analysis process. It is apparent that many 
lOSs currently in use have not evolved through 

such an analysis and design process. 

PURPOSE 

The purpose of this paper is to present 
the results of a systematic analysis of past 

and current IOS designs, assess their 

strengths and weaknesses, develop design prin- 

ciples to enhance ehe strengths and to elim- 

inate the weaknesses, and implement the prin- 
ciples in alternative- generic 10S designs. 

The orientation of the paper is toward the 

identification of problems and the presenta- 
tion of proposed solutions. The proposed 
solutions, it implemented, will provide .in 10S 

which is readily usable and more training 

effective. In addition, reliability and main- 
tainability will be improved. 

Emphasis is on the IOS of operational 
flight trainers (OFT) and weapon system train- 

ers (WST) for fighter/attack aircraft. Proce- 

dures, results, and recommendations, however, 

are also relewi.u to many other simulator 

iippl icat ions. 

IOS WEAKNESSES 

There are significant differences in the 

design features of existing simulator lOSs. 
Some work bettor than others; some have 
sophisticated features, but do not work very 

well; others are simple and work quite well, 
collectively, however, there are weaknesses 

which characterize OFT and WST !OSs. These 
weaknesses arc as follow?: 

• Layout, labelling, coding, etc., do not 
optimize device operation and minimize 

instructor workload. 

• Steps required r.o access many CRT displays 

are time-consuming and inefficient. 

• He lays In display access cause inefficien- 
cies in training pro. lorn control .m<\ moni- 
toring. 

There are other weaknesses which do not 
involve IOS design features, but which signif- 

icantly affect IOS operation and use. These 
weaknesses are as follows: 

• Instructor training does not adequately 
prepare instructors for their roles and 

responsibilities in using simulators. 

• Instructor roles and responsibilities are 
not completely defined and implemented. 

• Student training syllabi are poorly devel- 
oped and used. Standardization, organiza- 

tion, efficiency, yid quality of instruc- 

tion are, therefore, impaired. 

• Instructor handbooks are not properly 

organized and formatted to provide 

instructor assistance in operating the 
device in a training situation. They are 

massive informational volumes, not train- 
ing tools. 

Wien taken together the clear impression 

is conveyed that the total concept of design 

for the instructor is very "loose" (i.e., the 

systematic principles of man-machine inter- 
face, human factors, and training technology 

have not been properly applied). The net 
result is th.it planning and design for opera- 

tion of the device are secondary components of 
the total simulator development process. 

Actual operation of the device and training 
using the device, therefore, suffer. 

DESIGN PRINCIPLES 

Clear delineation of IOS weaknesses pro- 
vides the basis for development of problem 

solutions. The first step in developing 

specific solutions is to formulate a set of 
design principles jrom the IOS weaknesses- 
These principles translate the weaknesses into 

guideline^ for improvements« The design prin- 
ciples In turn provide a framework for Jevel 

oping the design concept. Design principles 
which were derived from the IOS weaknesses are 
as follows: 

D.»t a entry methods are confusing, redun- 

dant , and inet t Icient. 

Device complexities make it difficult for 
instructors to Implement changes or modify 

missions to meet student need«:. 

Many features and capabilities arc not 
needed, not used, or difficult to use. 

Simulator capabilities are not keyed to 

tin train tin1 requirements «i.e., objec- 

tives) of the training system in which it 
wi ! ! he used. Tin- simulators are, there- 

fore, not properly integrated into t a«. 

training system as A» efficient element 

which tills a cleafiv-defined need. 

Reduce the instructor operator require- 

ments tor formal training by providing an 

instructor;operator instructional aid 
system at or near the IOS. This feature 

will not ;nly provide training in the 
operation oi the device but will actively 

assist tb- instructor pilot (IP) il ■- on •h- 
out the tr ining exercise. 

Emphasize the use of automated training as 
the normal r\i\d*.-  of training. 

Sedv.ce th» Instructor/operator workload by 
automating the ancillary 'asks. 

Reduce the number and types of data entry 
riet hods at the IOS. 
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• Use "touch panels" on CRTs and electronic 
"touch pads" on the xOS console as the 
primary data entry methods. 

• Design IOS layouts to enhance operation, 

interpretation, sequences of actions, etc. 

• F.liminat" the use of multi-function con- 

trols/switches. 

• Standardize the nomenclature used on con- 
trols to reflect IP terminology. 

• Investigate the use oi color on CRT dis- 

plays to highlight important points. 

• Upgrade student and instructor training 

and operating materials. 

• Improve reliability and maintainability by 

use of touch controls, and eliminate light 

pens, alphanumeric keyboards, etc. 

• Reduce cost by limiting 10S capabilities 

to defined training requirements. 

DESIGN CONCEPT 

The design concept contains the essential 
elements to implement the design principles 

and to remedy the 10S weaknesses. It consists 

of two components: hardware and software. 

The components interact and are dependent one 
upon the other. A major issue in anv design 

involving both hardware and software is estab- 

lishing i-he proper fenct tonal balance between 
the two. In pointing out the distinction 

between hat "ware and software, there is .in 
emphasis that IOS design is mum more than 
using good human factors principles in deter- 

mining jhat the IOS should look like. It is a 
systematic process of determining the informa- 

tion storage, retrieval, display, and manipu- 
lation requirements, and of implementing these 

requirements in a combination ot hardware and 
software which optimizes instructor perform- 

ance. Major design concepts are discussed in 

the following paragraphs. 

Hardware 

The IOS hardwre must he reliable, main- 

tainable and oas . to operate, and yet must 
contain the components required for control, 

monitoring, and evaluation. Major hardware 

components of tue proposed !0S design concept 

are as follows: 

The main conso'e. The main  console  is 

compact, and is des'gned lor a single instruc- 

tor/operator. All layout is consistent with 
good human factors design principles. Partic- 

ular emphasis is on east* of "se ol controls, 

orientation of CRTs for ease of display inter- 

pretation, and a functional work surface which 

accommodates instructor guides md checklists. 

• Instructor Aid System (IAS) The IAS is a 
separate small CRT with associated controls. 

It is an integral part of the IOS and serves 

two functions: (1) presents instruction on 
basic trainer operation and (2) prompts and 

guides instructors during the course oi train- 
ing exercises. It may also be used to display 

selected cockpit instruments (e.g., multi- 

function display, horizontal situation indi- 

cator, etc.). 

• Instructor's control panel. The instruc- 
tor's control panel is the major "hard-wired" 
part of the IOS dedicated to simulator con- 

trol. It consists primarily of fixed-function 
electronic touch pads. 

• Monitors. The major components for data 
manipulation and display, trainee evaluation, 

and situation displays are CRT displays. 

Numbers, sizes, and locations of CRT displays 
are dependent upon the specific application. 
A typical application, as presented later in 

this paper, consists of three displays: one 
to monitor the visual scene and two to display 

data. 

Software 

Tn order to combine simplicity of hardware 
with complexity oi weapons systems and train- 

ing problems, it is essential that software he 

designed to enhance instruct' r performance. 

The software must he simple to man i pi: late, 
present information in easily used formats, 

and facilitate problem control and monitor- 
ing. Major features oi the proposed software 

design concent to meet these goals are as 

follows: 

• Display continuity. A given display is 
always presented on the same CRT. There is no 

switching of displays between CRTs at the 
instructor's discretion. When a display is 

selected or is called up automatically by the 
software, it always appears in the same place. 

• Standard ized d ispl ;,ys. Each type of 
display has a distinct, precisely prescribed 

'ortr.at whici is always used lor that type of 

display. Formats are developed to enhance 
interpretation and use of the Information 

presented. Display highlights are emphasized 

by spacing, graphics, bold alphanumerics, 
etc. It is also recommended that color be 

used to highlight portions of tl« dtsrlavs. 

• Automattr presentation of displays. Max 1 - 
mum use is made of software selection ot dis- 

plays, so that minimum instructor intervention 
is required. Puring pre-programmed modes all 

displays are software selected. During fret- 
flight the amount ot instructor display selec- 

tion is minimized through keying displays to 

trainee tasks. 

• Minimi?«- steps to change displays. As 
discussed »how, display location is stand- 

ard. There is, therefore, no concern with 
where a gwen display will appear. Also 

displays which are candidates to replace a 

given display boin» presented on a CRT are 
selectable using the touch pads on the CRT 
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face. In most cases changing displays will 

require a one-touch step. In most other cases 
software design should minimize the number of 

decision points (i.e., steps) the instructor 

must handle. 

• Minimum steps to manipulate training exer- 
cises. Minimum steps tu manipulate is closely 

reiated to minimum steps to change displays. 
In this case, however, rather than changing 
displays for monitoring purposes only, the 

instructor is locating the display from which 

he will affect training problem controJ (e.g., 

locate and select a specific emergency, locate 
and activate a specific navigational beacon, 

etc.). 

• Large selection of programmed exercises. 
One of the strengths of the proposed approach 

to I OS design and operation is a high-quality 
front-end analysis. Among other things, the 

analysis yields a realistic training device 
syllabus which is keyed to the training 

requirements and training situation. The 
programmed exercises designed from the sylla- 

bus are, therefore, essential parts of the 

total training system and should be adminis- 
tered tu each student. The large selection 

allows consideration of student skills and 

progress, a variety of equally difficult exer- 
cises tor different students, standardized 

training, programmed exercise capability for 

.ill training phases, and elimination of time- 

consuming set-up required in conventional free 
flight exercises. 

• Large selection of initial conditions. (in 
many simulators, setting up initial conditions 

in the tree flight mode is time-consuming, and 

may be nonstandard. A large set of initial 
conditions gives instructors the flexibility 
they desire and improves use of time and 

standardization. In the proposed FOS, selec- 
tion of a given set of Initial conditions 

would key other responses from the 'OS. For 

example, selecting initial conditions for an 
aircraft on the parking ramp may activate 
display of the normal cockpit checklist, or 

selecting initial conditions tor an aircraft 
in the holding pattern may activate the 

carrier approach display. 

• IAS teaching And prompting. The IAS has 

two primary roles. The irsi is to teach 
instructors how to use the simulator. In this 

role it is a CAI terminal used to present 

Information on the operation ot the »O'S and on 
the procedures for conducting tr.'.ning exer- 

cises. The second roll- is to prompt instruc- 

tors during set up and execution ot training 
exorcises. In this role the IAS is a job aid 

which improves instructor efficiency .i'\d 
standardization ot instinct ion. 

rvKTAiLFU r.i:sic\ ALTKHNATIVKS 

Two gt aerie alternative IPS configuration* 
are presented. Both use ! i x d tuiuiion elec- 

tronic touct: controls on th* IOS panels Ami 
fixed and variable function touch panels on 

the CRTs as the methods of simulator control. 
The primary difference between the two alter- 

natives is the division between the methods of 
simulator control. In Alternative 1, the use 

of electronic touch controls is confined to 
basic simulator operation (e.g., power, motion 

system operation, freeze). Touch panels un 

the CRT faces are the primary method for con- 

trolling training exercises. 

In Alternative 2 there is an increased use 

of fixed function electronic touch controls 

mounted on the IOS vertical panel. These con- 

trols are used to carry out many of the func- 
tions for which CRT touch panels are used in 
Alternative 1. CRT touch panels are also used 

in Alternative 2. 

Alternative 1 is an extension of the 

state-of-the-art being used to design ! he 

current generation of simulators. Emphases 
are on a minimum use of hard-wired controls 
and a maximum use of software control throng.!) 

input sources which are displayed as re- 
quired. Alternative 2 is an update of the 
basic approach used In earlier generation sim- 

ulators (i.e., extensive use of hard-wind 

controls). State-of-the-art technology is 

used in both the control methods chosen for 
Alternative 2 (i.e., electronic touch pads and 

CRT touch panels?) and problem control software. 

These two alternatives are the two ends of 
a continuum, one extreme of which is CRT touch. 

panels and the other extreme of which is con- 

sole-mounted electronic touch pads. Although 

Alternative 2 does not involve complete con- 
trol via electronic touch controls, it is con- 

sidered to contain the most extensive feasible 
use o! electronic touch pads in light of the 

current technological state-of-the-art. More 
extensive use of electronic touch pads in lieu 

of CRT touch panels would lead to an IOS 

design which vitiates mans- ot the principles 
of compactness, ease of use, and information 
management. 

Other candidate alternatives in addition 
to those presented would fall between the two 
ex'renus (i.e., would consist of different 

mixtures of console-mounted electr lie touch 
nads and CRT touch panels). Th.es« alterna- 

tives won id -oust itute a set ot virtually 

unlimited permutations ot combinations o! 
electronic tomb pads and CRT touch panels. 

Presentation ot all suet; alternatives would be 
virtu il1y imposs ible. 

By providing the anchor points ot the con- 
tinuum (i.e., toe two feasible -xtrer.es) 

rather than numerous alternatives, the con- 
cepts o! operation ot each basic IDS type can 

fe clearly presented along with i he advantages 

MU\ disadvantages of each. Variations ot an 

IOS type tor a specific application cat. be 

identified hased on specific simulator re- 
quirements and personal preferences of Subject 

Matter Kxpert« (SMFs), analysts, and engineers. 
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Alternative 1 

The first alternative features a high 

level of automation to assist instructors, and 

Simulator control via CRT displays which con- 
tain touch panels on .s tace of the CRT. The 

basic configuration of the IOS is shown in 

Figure I. 

Hird-wired controls are confined to: 

• Operation  of  displays   (e.g.,   power, 

brightness, contrast). 

• Basic   ..raiiier  control   (o.e.,   power, 

freeze, motion). 

• Communications with the trainee and main- 

tenance. 

• Miscellaneous problem control (e.g., crash 

overrid. , harrier arrest, catapult fire). 

• Numeric  keyboard. 

• IAS control. 

A!1 other controls are programmed to use touch 
panels on the faces of the two CRT.-;. Specific 

touch panels for each display are programmed 
and are presented in the lower portion of the 

display. 

The selection of touch panels by display 

is based on an analysis of the options which 

instructors tnay choose to exercise at 1 given 
point in a training exercise. The options are 

derived from the trainee and instructor tasks 
in progress and the associated displays used 

to monitor trainee performance. This philos- 

ophy enables instructors to select alternative 
displays, insert malfunctions, modify weather, 

etc., without having to carry out a multi-step 
selection process through a series of menus. 

Rather, selection alternatives have been built 
into the software md are readily available 

through the touch panels on the two CRTs. 

This feature will have a major positive effect 
on instructor workload and ease of IOS opera- 

t ion. 

Although emphasis is on the use o! pre- 

selected alternative actions during the course 
ol a training exercise, the IOS has the cap- 

ability to allow more flexibility oi instruc- 

tor action. Throtigh the use of a series ol 
menus which t!.e back to a master menu, 

instructors ar»* able to have greater control 
over simulator ape rat ion. It is essential to 

emph.asi.se, however, that through proper pro- 

grammin,' based on an accurate analysis, the 
normal siethod of operation will be through the 

promamieed alternative« presented on th« CRT 
touch panels. The more tirae-consuming, and 

potent Lilly confusing process«-* of working 
through the selection menus is meant to be the 

eicepi ion rather than the rule. 

Another texture which reduces instructor 
workload  <s  extensive  use  u!  p.ograttraed 

exercises and a large set of initial condi- 

tions. The initial conditions are easily 
selectable. Through the software they affect 

the displays and alternatives for trainee 
tasks carried out in the initial condition 
environment. 

It is recommended that the "normal" mode 
of operation be with programmed exercises. 

The exercises should be derived from a well- 
integrated, approved syllaKs in which the 
simulator plays an integral role in the train- 

ing sequence. The programmed exercises facil- 
itate standardization of instruction, but 
retain the capability for on-line modification 

in response to trainee performance (e.g., 
insertion of additional malfunctions, changing 
environmental conditions). 

A large si\ of exercise? (i.e., 25 or 

more) should be programmed and updated as 

required to Incorporate procedural cliang.es, 
tactics changes, etc. This will give instruc- 

tors the capability to vary the scenarios 
within a type and difficulty level, and also 

to have a wide range of types and difficulty 

levels* aval 1 able. 

The free flight mode requires the greatest 
instructor involvement. Operations in the 

free flight mode, however, are designed to 

reduce instructor workload. This is accom- 

plished through the IOS software. Routine 
decisions and selections are made by the IOS. 

In many cases instructor intervention is by 

exception. For example, given that the 
trainee is performing a certain task which has 

been selected by the Instructor, displays to 
monitor trainee performance will be selected 
and presented by the software. Also, the most 

likely alternate selections and most likely 
subsequent trainee tasks will be «vailablc as 

CRT touch panels. •■..!> ü different alter- 
natives are desired will Instructor inter- 

vention he required. 

A large set of programmed initial condi- 
tions (i.e., 40 jr more) plays a major role in 

operation ot the free flight mode. This set 

should be derived irora a systematic analysis 
of (1) conditions under which a training exer- 
cise will begin and (2) conditions to which 

the simulator will be reset during the course 
of exercises. Thiou^n use of programmed in i 

tial conditions, initial set up and reset 
times will be min im-red. 

The intent is to use the initial tone" i- 
tions as programmed, without modification. 11 

the set of initial conditions is based upon an 
accurate analysis, this should be t tie case. 

The software, however, contain»: toe capability 
for on-line changes to keicrtid parameters. 

It is recommended that weather and ».tore» be 
changeable on-line. changes to any other 

parameters would be made o!1-line. The 
ability to make changes, both to initial con- 

dition« aad programmed exercises, should be 
tightly eontr. iird. Such changes should 

result only Iron perlodi« training cünfere"e*s 
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VISUAL 
MONITOR 

(5)     (6) 

DISPLAY 1 

1. AIR TURBULENCE 
2. WIND VELOCITY 
3. VISUAL SYSTEM CONTROL 
4   TRIM AIRCRAFT MESSAGE 
5. DIGITAL CLOCK 
6. INSTRUCTOR AID SYSTEM 
7. INSTRUCTOR CONTROL 
8. MICROPHONE PLUG IN 

DISPLAY 2 

Figure 1. Generic Instructor/Operator Station - Alternative 1. 

and reflect the consensus of the training 
community« Otherwise-, the programmed events 
may he based upon the whims of the individuals 

who like to make changes- 

Al tentative 2 

The second alternative also features a 

hijjh level of automation to assist instruc- 
tors. The major difference is that many of 
the "Instructor actions which employed CRT 

touch panels in Alternative 1, employ fixed- 
function electron.c touch pads on the IOS con- 

sole in Alternative ?. The basic configura- 
tion of the Alternative 2 IOS is showw in 
Figure 2. Hard-wiie controls ate used for the 

f'»l-owing functions. No».e thai the first six 
(marked with an asterisk) are the sime a in 

Alternative 1. The remainder are additions to 
Alternative 1, and indicate the major hardwa.e 

difference between the two alternatives. 

• Operation  of  displays  (e.g.,  power, 

brightness, contrast).* 

• Basic   trainer  control   (e.g.,   power, 

freeze, motion).* 

• Coataunlcat ions with the trainee and main- 
tenance.* 

Miscellaneous problem cont/ol (e.g., crash 

override, harrier arrest, catapult fire).* 

Numeric keyboard.* 

IAS contro1.* 

Me ie contro1. 

Selection of automated training exercises, 
checkrides, and demonstrations. 

Selection of types of normal and emergency 
procedures. 

Selection of .a\function« by system. 

Selection of specific pri-determined mal- 
functions. 

Dynamic replay control. 

Print control. 

Selt-ct ion of cockpit instrument monitor i»y 
cockpit section. 

Selection of map displays. 
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VISUAL 
MONITOR 

(2)   (4)   (5) 
(1)     7     I       i    <6)     (10) 

(15) 

1. TRAINER CONTROL 
2. MODE CONTROL 
3. COMMUNICATIONS 
4. AUTO EXERCISES 
5. DEMONSTRATIONS 
6. PROCEDURES 
7. MALFUNCTION MENU 
8. MALFUNCTIONS 
9. VISUAL SYSTEM CONTROL 

10. AIR TURBULENCE CONTROL 
11. WIND VELOCITY CONTROL 
12. TRIM AIRCRAFT MESSAGE 
13. DIGITAL CLOCK 
14   INSTRUCTOR CONTROL 
15. MICROPHONE PLUG IN 

DISPLAY 2 

INSTRUCTOR 
AID 

SYSTEM 

Figure 2. Generic Instructor/Operator Station - Alternative 2. 

•  Selection 

displays. 

e nv i r e~imen t /a i r c r a f t  data 

Cther controls arc via the CRT touch panels, 

as used In Alternative 1. Typically the I OS 

console touch pads are used to access the 

initial display. Alternatives emanating from 

the initial display are typically controlled 

trom teach panels on the faces of the CRTs. 

The Identification of CRT touch panels for 

each display is based on an analysis of the 

operations which instructors may choose to 

exercise at a given point i' a training exer- 

cise. Determination of display content is 

based upon requirements to monitor trainee 

performance ol speci lie training tasks and to 

control the training exercise. 'these ph'los- 

i.phies are the same as those used in *!tertu- 

r ive 1. They are designed to enah!'1 lnstrtn- 

•urs to select alternative displays, li s-.Tt 

malfunctions, modify weather, etc., w .bout 

having to carr, out a multi-step selection 

process (ftrough a series ol menus. 

The*"e are a number of ether fundamental 

phi losophies,''techniques In Alternative 2 which 

are consistent with those discussed previously 

for Alternative !.  These are as to!lows: 

• A set of menus and selection options tor 

problem contro1. 

• Large sets of pri-programmed exercises and 

initial conditions. 

• "Normai" mode ot operation with programmed 

exercises (i.e., automated training exer- 

c i ses) . 

• Extensive instructor prompting and pre- 

selected options in the tree flight mode. 

• Only limitvC capability to make on-line 

changes to initial conditions a.id pro- 

grammed exercise parameters. 

The training eapabil'lies ol ho*h alterna- 

tives are the same. The Instructor actions 

required to 'Xercire the capabilities differ, 

and center around CRT touch panels versus 

console-mounted electronic tou'li pads. It 

should be noted that since CRT touch, panel?, 

are used in both options uul since the soft- 

ware and Instructor support features ire 

essentially the s..me, many ol i be operations 

are the same. 
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ADVANTAGES AND DISADVANTAGES 

Alternative 1 

Alternative 1 is characterised by minimum 

use of fixed-function electronic touch pads 

and maximum use of CRT touch panels. The 
emphasis is on siuvpl K i t> of the IOS, and 
simulation monitoring and control via displays 
and their associated touch panels. 

Advantages. As a result of the low number 

of fixed-function controls on the IOS console, 

thü IOS is simple and compact. Also contrib- 
uting to the compact design is the clustering 

oi the CRTs into what is essentially a 
single-position station. The appearance of 

the IOS does not overwhelm new instrictors. 
On the contrary, it presents a positive image 

for ease of operation. 

The compact size of the IOS enhances the 

instructor's span of control and enables him 

to easily scan all controls and displays. All 

operations can be carried out while the 

instructor is seated at a single position. 
The station is designed to meet human factors 

specifications for reach envelope, instructor 

anthropometry, visibility, etc. 

Alternative 1 takes lull advantage of 
available control, display, and software 
state-of-the-art technology. Its design and 

operation are not driven by the technology. 
Rather, they are intended to take full advan- 
tage of what is available and in doing so to 

further advance the state-of-the-art in IOS 
des ign. 

The software capacity of Alternative 1 

provides for maximum flexibility In use of the 
trainer. Controls and displays are readily 

accessible through the software associated 
with the displays and touch panels. Efforts 

have been made to use concepts which minimize 

the number of decision steps in making selec- 

tions. This results in increases in the ease 

of taking advantage of the design flexibili- 
ties. 

Programmed scenarios, procedures, alterna- 

tives, et., are readily updated through soft- 
ware changes. This flexibility Is afforded 

through the use of variable-function touch 
panels, as opposed to fixed-function touch 

pads, and the use of a variety of software 

support features. 

Disadvantages. Alternative 1 requires 

more software. This greater software require- 

ment in comparison to Alternative 2 is neces- 
sary to enable scenario selection and control 

through a central master menu. 

Mere initial iP tr.ining Is required to 

allot* full operation of the trainer. This 
training primarily involves use of the menus, 
familiarity with selection alternatives, and 
anticipation ot decision points. Through 

proper programming and use ol the IAS, and a 

limited amount of experience, it is antici- 

pated that this disadvantage would be mini- 

mized. 

In certain situations more steps are 

required to select desired displays and .nake 

data entries. The steps are required to 
branch through the menus and indices to access 

the desired end point. 

Alternative 2 

Alternative 2 is characterized by exten- 

sive use of fixed-function electronic touch 

p-ids on the TOS console. The touch pads serve 

the same functions as many of the menus, 
indices, and touch panel selection options ,-n 

Alternative 1. The major IOS configuration 

difference is the prevalence of these elec- 
tronic touch pads. 

Advantages. Most of the basic simulation 
controls are located on the IOS console. They 

are, therefore, always available for observa- 

tion, study, and activation. Through their 

presence and labelling many of the capabili- 
ties of the device are displayed without 

reference to manuals or the software. 

The software required in Alternative 2 is 
less complex than that in Alternative 1. This 

results from the use ot fixed-function elec- 
tronic touch pads on the IOS console in lieu 

oi menus, indices, and CRT touch panels which 
.ire used in Alternative 1. 

Since many of the device controls and 
capabilities are "hard-wired" in Jie IOS 
console, IP skill and training requirements 

are reduced. It is anticipated that IOS 

familiarization training would be simplified, 
retention improved, and maintenance and 

upgrade of skills improved. 

The use of fixed-function electronic touch, 
pads, in many car.er, minimizes the nurber of 

steps required to access controls and dis- 

plays, "'"he touch pads enable the instructor 

to go directly to the final selection index or 
the desired end display without branching 
through .i sequential set oi menus. Thus 

efficiency is enhanced. 

Pi sadvautages. 
lar-o  number  of 

Alternative 2 contains a 
f lxed-1 und ion elec tronic 

touch nads en the IOS console. Ever, with a 
layout based on good principles oi human fac- 

tors, (he !0S will appear cluttered .\r.d may In 

certain situations be Inefficient to opcr.it e 

or lead to contusion. The clutter ma\ have a 

psychological impact on instructors (i.e., tlu- 

complexity ot the device Operation« n..y appear 
overwhelming). 

To accommodate the layout u! console- 
mounted electronic touch pads, the IOS will he 

larger than that In Alternative 1. This 

increased s" e may affect the instructor's 
span oi control and ability to scan the IOS 

controls and display*.   It  may  also  reduce 
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the  instructor's  capability to conveniently 

control all operations from a seated position. 

The greater use of fixed-function controls 

rather than software ariven variable-function 

panels makes revision and update more diffi- 

cult. Some revisions/updates will require 

hardware changes. These same revisions/ 
updates in Alternative 1 would require only 

software changes. 

Control of exercises is divided between 
two modes: panel-mounted electronic touch 

pads and CRT touch panels. It is anticipated 

that operations using the two modes will be 
less efficient than the same operations using 

a single mode (e.g., CRT touch panels in 
Alternative 1). 

CONCLUSIONS 

IOS design has suffered from the same 
malady that has plagued the design of many 

other pieces of sophisticated hardware: 
insufficient analysis efforts and data on 

which, to base decisions. As a result, many 

previous !OSs have not been designed to facil- 
itate training. They have contained the 

short comings discussed in this paper. 

The primary conclusion oi this paper is 
that the design of an efficient, functional 

IOS requires systematic application of a 
variety of human factors and training data. 

The alternatives presented previously resulted 

from such a process. Future lOSs should be 

delived through a similar analysis process in 
which candidate IOS features are systemati- 

cally identified and assessed. Selection of 
features, operating procedures, and configura- 

tions should be based on ultimate goals '-.. 
optimizing both instructor performance and 
overall simulator trailing effectiveness. The 

resulting usability of the device will provide 

for increased user acceptance and improved 
training system effectiveness. 

Future IOS design improvement efforts 
should focus on expansion of the reiomnenda- 

tions presented in this paper. Possible 
topics include (1) applications, limitations 

and values of specific instructional features 
(e.g., playback, performance mrasurement , and 

deconstrations), (2) refinement of the design 
principles tnd concepts, (3) extension of the 
design principles and concepts to other types 

of *,imula tors, and (4) modelling the IOS 
design process. 
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ABSTRACT Vf 

If logistics concepts are to maintain pace with the constantly changing hardware and 
software spheres, innovative state of the art logistics acquisition strategies must be 
conceived, defined, and implemented. Logistic acquisition concepts in the past have 
served well those devices for whose support they vcre desigred. They cannot, however, 
neet the challenges occasioned by rising costs, the increasing demand for more reliable 
life cycle support, and ever more sophisticatec training device systems. These challenges, 
as well as others, can best be met by developing a best value, performance based, func- 
tionally oriented logistics acquisition strategy. Such an evolution will focus attention 
on the product, not the process, of the logistics support acquisition etfcrt. In turn, 
this shift in focus will require botn Government and contractor to relinqi.' h certain 
traditional roles and tc assume some unfamiliar responsibilities. The authors recognize 
that such an approach will cause some degree of discomfort to both Government and con- 
tract?r personnel. However, they submit that just as techtiology has advanced from the 
vacuum tube tc the integrated circuit, so mustvl.ogistics^edvance from emphasis on the 
acquisition process to concentration en acquiring logistics products which will provide 
reliable life cycle support to training device systems,, 

Changes to our current procedures for pro- 
viding training depict support are being mandated 
bv three persistent and omnipresent forces: (1) 
the cascading flood of technological advancements 
in all phases of electronics, C) the escalating 
costs and decreasing quality of logistics support 
efforts, and (3) the unpredicable availability of 
technical personnel. Although the necessity for 
modernizing logistics support procurement method 
has been recognized for years, few methodological 
improvements have been planned, designed, or im- 
plemented. The 1 ooisties community has far too 
long focused on the process, not the product of 
the logistics prc^urtrert effort. As a result, 
we find ourselves mere and more involved in a 
game of "catch up" rather than in a role of 
leadership. Thus engaged, we have failed to 
assert the vital importance of front end planning 
for logistics support. The inevitable result has 
been the generation of conflict between "what is" 
anc "what should De" in terras of training device 
and simulator support. 

The pressure q»nf rated by this conflict Is 
influencinr people <f removed from our situation 
to enter the aren* o^ loaistics decision makers. 

These people, who are  locatec' in all strata of 
responsibility, from training device user tc t\ e 
Secretary of the Nav> , have a vested interest in 
the availability of training device hours, in the 
cost, and effectiveness required to provide this 
availability. They are telling us that our tradi- 
tional procurement philosophies are no longer 
meeting their needs. Receiving little, if any, 
positive response from the logistics community, 
they perceive that such inaction indicates a l#ck 
of ability. Because of this townunication gap, we 
now stand on the precipice of being told that a 
cure will be effected by eliminating organic sup- 
port in favor of full contractor support. 

Before discussing the changes that are re- 
quired to upgrade our logistics acquisition 
strategies, it is imperative that we gain some in- 
sight into the conditions which have led tc this 
need. Only through an understanding of the cur- 
rent situation can we appreciate the need for a 
logistics acquisition strategy which will control 
costs, provide more reliable support, keep pace 
with technology, and provide the proper foundation 
for organic or transition to full contractor 
support in the future. 
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It may be helpful to realize that this need 
is not unique to the training device and simu- 
lator environment. A recent Society of Logistic 
Engineers Newsletter contains extracts from an 
Acquisition Improvement Task Force Report on the 
Carlucci initiatives. 0} This report sums up 
three areas of failure 1n support and readiness 
throughout the Defense Department acquisition 
process. First, and well known to most of us in 
the logistics business 1s the lack of management 
emphasis and support given to logistics. The 
report states that "support is still running a 
poor fourth, after performance, schedule, and 
cost." Next, the report cites a lack of front 
end logistics analysis a« being responsible for 
building in higher support costs from the very 
beginning. Finally, the report states that sup- 
port areas suffer from Inadequate procedures, 
organization, and tec. nical capability. These 
weaknesses are aggravated in the training device 
world through a combination of a dinosaur like 
devotion to tradition and rigid Government pro- 
cedures which govern almost all aspects of a 
training device procurement. 

The traditional tendency for low risk pro- 
curements and the lack of flexibility in logis- 
tics acquisition procedures have been addressed 
at previous industry conferences and in other 
areas of the acquisition literature. However, 
such treatments have tended to stress the theo- 
retical aspects of the problems using a broad 
brush approach. And regrettably, seldom has a 
positive, feasible alternative been offered as 0 
possible solution to both present and anticipated 
problems. 

It appears valid to state that we car. no 
longer continue to do business as usual if we 
are to l.eep pace with the technology we ere 
responsible for supporting. We can no longer 
continue to stress the theoretical aspects of 
logistics while giving scart attention to the 
dynamics of the market place. We can no longer 
continue to loosely apply the concept of inte- 
grated logistics support, while we allow each 
logistic specialty to go off in divergent 
directions. We can no longer force logistic« 
and program onagers into the role of simply 
coordinating between individual logistics 
specialties such as training, provisioning, pub- 
lications, and others. We must provide our 
managers with the tools required to overcome 
these shortcomings. 

But such tools will be forged only when we 
recognize that logistics planning must begin with 
and be accorded the sarc stature as functional 
descriptions, nilitary characteristics, engi- 
neering specifications «rd other docur=ents which 
ire drawr up for th* hardware &nd software. Only 
then will we bv able to adopt and adhere to a 
state of the art, innovative looistlcs support 
acquisition strategy which is a truly integrated 
packaqe. Cur recommendations for ac lonplishing 
this start with a review cf Department cf 

Defense (DOD) Directive 5000.1 of March 1982, 
entitled Major Systems Acquisition, wrich states 
that a cost effective balance must be achieved 
among acquisition costs, system owr.^rship costs, 
and systems effectiveness in terms of the mission 
to be performed. (2) The directive goes on to 
say that the acquisition strategy developed for 
each system should consider the unique circum- 
stances of individual programs and that these 
programs shall be executed with innovation and 
common sense. 

It is realized that Department of Defense 
promulgated this directive for major systems 
acquisition and that training devices are seldom 
considered major systems. Still the logic is no 
less valid for the procurement of training devices 
and simulators, particularly 1f a series of 
devices is being contemplated. Innovation and 
common sense must be the prine requirement in all 
areas, including logistics. What is a good logis- 
tics strategy for one device is not necessarily 
appropriate for another device. A logistics pro- 
curement strategy developed for a series of four, 
five, six or more devices is not appropriate for 
a one or two device buy. Obviously, the reverse 
holds true. 

It is the responsibility of both Government 
and contractor personnel to recognize this and to 
develop unique procedures for each buy. The Cdy 
of the boiler plate, cut and paste logistic pack- 
age is long past. We believe that what is 
required in today's environment is the develop- 
ment and implementation or e state of the art 
logistics support acquisition strategy based on 
the guidance of DOD Directive 50CC.1 and on the 
guidance of ether directives such as the Defense 
Acquisition Regulation (3) which sets forth the 
basic legaT~3öc trine* defining the roU of Govern- 
ment and contractor relationships; Office of, 
Management and Budget (0MB) Circular f-JC9 T4) 
which Turtler defines these reYes an3 explicitly 
recommends that the Government establish syster 
performance objectives and ollcv the contractor 
tc develop detailed design objectives. These 
recommendations »re further defined, enumerated 
in CMB Circular A-76. '5> which outlines the 
Office of Kanaqenent and Budget's pclifies cf 
acquiring ccmrttercial products a.>d services fcr 
Government use. Also gemane lz  the Secretary of 
the Navy (SECNAV) InstructiPrjS2CL.?7A, (*) whTcn 
cTearTy" defines the roTeo'f" contractor rersonr.el. 
These directives and policy statwerts provide 
the cornerstones for our recorr-endatiens. 

If loqistics personnel are tc cverccrie their 
current prcblers end ret..in control over their 
own future, drastic charges in thinking «re re- 
quired. Today's logistics requirements call for 
reliable, cost effective life cycle support 0* 
the highly sophisticated and dyrar.ic hardware crd 
software subsystems which constitute * trair.ire, 
device. To meet these requirements, the authors 
adveate 5 performance based, 'urcticr.clly 
oriented logistics prccureren? approach that 
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focuses attention on the product, not the 
process, of the logistics support acquisition 
effort. This strategy is defined as a flexible, 
product based approach t. procurement of logis- 
tics material and services which rests on the 
assumption that the device contractor is in the 
best position to determine the most cost effec- 
tive and efficient method for development of the 
life cycle support for that device. 

The Performance Based, Functionally 
Oriented approach differs from the present 
approach in two fundamental concepts. First is 
the concept that the only measure of satisfactory 
logistics performance is the effectiveness cf the 
final logistics package in supporting the device. 
Time and effort should no longer be wasted in 
scrutinizing every aspect of tr^e development 
schedule, in developing detailed plans for every 
conceivable element, in requiring reports for 
every contractor movement, for developing and 
maintaining detailed milestone charts, etcetera. 
These are tasks which are functions of the con- 
tractor and which the contractor must do if he 
is to r?et his contractual requirements with an 
acceptable product. Government personnel should 
focus on the quality of the delivered product. 
Second is the idee that performance of the device 
for the 10 or 15 years it will be utilizec is of 
at least equal importance to the 3 tc 5 years it 
is in the development and manufacturing stages; 
thus, logistics considerations should be given 
?qual weight in the request for proposal and in 
Che evaluation and payment clauses of the 
contract. 

From these fundamental concepts are derived 
three basic premises: 

1. logistics support is an 
integral part of device procurement 
and the contractor should be tasked 
with the full and total responsi- 
bility of providing a reliable end 
cost effective logistics support 
package. 

2. With the proper incentive, 
contractors will respond tc Govern- 
ment's logistics needs. 

3. Government can provide 
this incentive by stipulating in 
the contract thet a najor amount 
of total payment will be withheld 
until lo^stit acceptance criteria 
&r?  rret. 
These concepts arc not new, but they have 

beer neglected in the quest ^cr sophistication. 
What ay be crfari lior is that the Performance 
Eased, Functionally Oriented concept is b*sed <?v. 
the premise that if the Gcverrmc t provides the 
logistics requirements, estall.shes measurements 
tc determine if these requirervrts have been met, 
an,' by using the ccewoo sense mentioned if DOC 
Directive SCOT. 1, refuse» to pay for natlHab 
anc services that do not meet the established 
criteria, contractual cost effective reliable 

life cycle logistic support will be forthcoming. 
Industry has the capability to respond; the 
Government needs only to develop and provide the 
proper stimulus. 

Logistic support requirements currently vary 
from full organic support to full contractor 
support. The Performance Based, Functionally 
Oriented logistics acquisition strategy was devel- 
oped to provide a flexible, non-complex method of 
satisfying varying logistics requirements. The 
Performance Based, Functionally Oriented concept 
provides the contractor an opportunity to utilize 
his creativity, technical expertise and common 
sense to develop &n  effective support program 
when given an established set of objectives in the 
logistic statement of work. The end result 
expected from the contractor is a cost effective 
life cycle support program which can be verified 
by the Government through evaluations of the per- 
formance and usefulness of people, equipment, and 
documentation against a set of measurable 
objectives. 

The Performance Based, Functionally Oriented 
acquisition strategy consists of three phases: 
definition, performance, and acceptance. During 
the definition phase, the Government integrated 
logistic support team joins the engineering tean 
in conducting a front erd analysis. In con- 
junction with the engineering team and with 
project management, a firm maintenance concept is 
decided upon. Using this maintenance concept as 
the '«eystone of  all future integrated logistic 
support planring, the integrated logistic support 
tfidm works together to develop an integrated log- 
istic statement of work that clearly delineates 
the «ims, goals, and objectives that rust be 
achieved if the required level of life cycle sup- 
port is to be realized. Tc properly carry out the 
all important task of developing e logistic state- 
ment of w, rV that will certain all the necessary 
criteria for performance n-easurement will require 
o  rsajor effort from each menber cf the integrated 
logistic support tea*.. Edch subsystem of the 
device must be analyzed individually and ,u part 
of the overall system. The integiafed logHtM 
Support tean. will be required to thorough *y 
research all requirements and ensure *h*t the 
criteria developed are neeJed, attainable, 
measuraMe, and conprehensive. Once this is cere, 
the V-;ntic statement ef KO.V bec-T-es the driving 
force for the remainder of the or ract. 

While the deftnUitr phase i$ primarily the 
lesponsibHity cf the Government, the performance 
phase becses almost totally the contractor's 
responsibility. Once the contractor receives the 
logistic statement of work, it i« up u hi" it 
develop an integrated logistics support nroyrar 
CA'>«J. st#t?»of-the-art techriques. Cnre the tor- 
t«-actor develcps and receives approval on Ms 
integrated logistic support plan, he *1T1 r »vt re 
further reviews, approvals, er other interference 
frofc Government personnel, looking a*, this f»\r 
attuther perspective, he will r,c lorajer b« -tblt tc 
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depend on Government specialists to perform a 
large share of his «oik for Mm. Here, the 
Government should adhere strictly to the pro- 
visions of SECNAVINST 4200.27A. 

The last phase, the acceptance phase, once 
aoain becor.^s the responsibility of the Govern- 
ment. Through a series of verifications and 
demonstrations, the Government will verify the 
contractor delivered product against the criteria 
set forth in the lonstlc statement of work and 
approved in. the \r     rated  logistic support plan. 
DEFINITION PHASE: 

During ThTs  i* .öl phase, the Cover nnent. 
integrated logistic support tear' numbers ntust 
engage in conducting ? thorough front end logis- 
tics  analysis. The time is past when logistics 
personnel could wait until the device became a 
conceptual reality cnc then build a support pro- 
gran around it. In addition to uetermining the 
logistics needs, the integrated logistic support 
team members must become technical advisors on 
all committees and other teams connected with 
developing front end documents. Surh actions 
will ensure that logistics become an integral 
part of the device procurement. 

Once the front end analysis is accomplished, 
the integrated logistic support team must utilize 
the logistic statement of work developed as a 
result of thct aralysis to prepare a request for 
proposal. The total **tegrated logistic support 
tear should become "nvclved in ♦he development 
cf the request for proposal to ensure that the 
package is total!) integrated and supportable. 
In developing the inputs the team members must 
take into account the proposed training device, 
whc is going to man the device as instructors, 
operators, maintenance personnel and above all, 
what is the maintenance concept/plan for the 
device. With these facts in mind the logistic. 
tear develops a list of terminal objectives out- 
lined in a logistic staterent of work which 
ensures that the device '..ill be supportable tc 
th* required maintenance plan level. Next, the 
team develops the following procurement package 
inputs: 

funding Requirements. 
Reqi.es* for Proposal. 
a. Schedule. 
b. Final Logistics Statwan 

of Won. 
c. (DO Form. 1423) Integrated 

Logistics SIM oort Plan 
requirements. 

d. Technical Proposal 
Requirements. 

e. Proposal Evaluation Plan. 
The technical proposal requirements take on 

a new meaning under the Perfortr.ar.ee Based, 
Functionally Oriented Program because the Govern- 
ment is nc longer evaluating proposals baced on 
yes/no responses. The contractor's proposal 
evaluation is based on how well he responds to an 
established criteria by applying st«t3-of*ihe~*rt 

2. 

procedures. No longer will the contractor hrve 
a boiler plate set of guidelines that he can feed 
back to the Government es a logistics support, 
outline in order to receive a satisfactory pro- 
posal evaluation rating. He must use his own 
skills, abilities, and techniques to determine 
the best approach in oeveloping e logistic support 
program that is totally integrated end which will 
support the device during its life cycle. 

The only logistic document required by the 
Contract Date Requirements List, DD Form 1423, 
during the request for proposal is the integrated 
logistic support plan. The integrated logistic 
support plan will outline the -or'rector's logis- 
tic  support plan for the devW and, among other 
items, will contain the contractor S recommenda- 
tions *"cr all oiher logistic documentation. 

Proposal evaluation procedures will require 
a highly skilled professional logistics team with 
expertise in log.ji.ics management, the technical 
aspects of the trainer, and in specific areiis of 
logistics. The evaluation will be accomplished 
in two parts: firs«., by a group of high'y 
qualified technical specialists end s.condly, by 
a joint logistic team tc ensure *'nd'.  each element 
is integrated *"ntt a total logistic effort. This 
joint evaluation will assist the negotiation 
efforts and ensure a two party win-win s.tüätlor 
that Hll help guarantee e quelity product for 
the fleet. 
PERFORMANCE PHASE: 

The first step :ifter contract tw^rd will te 
e scries of conferences between the Government 
logistics team and the contractor to define the 
detailed requirements of the integrated logistic 
support plan. The primary reason for the Perfor- 
mance Based, Functionally Oriented Program fs tc 
create an innovative, flexible integrated logis- 
tic support system. Under this concept, the 
integrated logistic support plan becomes the key- 
stone document which is meant to ensure that each 
training device is provided a quality support 
program. No lender will each specialist have 
his/he.- own management document governing a 
specific logistics area. All areas will be 
governed by the integrated logistic support plan. 
The integrated logistic support plan will be 
broken down into a specific set of sections which 
will te determined by the needs of the device. 
Specific sections that may be required are: 

1. Introduction. 
2. Management. 
3. Maintenance Pian/Concept. 
4. Personnel and Training. 
5. Logistic Data. 
6. Support and Tes* Equipment. 
?. Supply Support. 
8. Facilities. 
9. Interim Support. 

10. Transportation Handling. 
11. Integrated Logistic Support 

Accountability. 
12. Verification Demonstration Plan, 
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Sections 2, 11, and 12 will be diseased 
briefly since they will contain the specific 
requirements which are the essence c/ a success- 
ful integrated logistic support program. 
Section 2, Management: This section should spell 
out the integrated logistic support management 
program and how each logistic element will be 
integrated into the total support program to 
ensure that the logistic services provided are 
all to the same level. Section 1!, Integrated 
Logistic Support Accountability: TKTS"section 
should be a plan spelling"out how the members of 
the device team are going to account for specific 
items and funds to ensure that specific alloca- 
tions are slated for a specific area and not 
diverted to another element without coordination 
with all concerned. Section 12, Verification 
Demons trat''o n_ Program: This s e c t iö n sh. o uldT" 
define how"""the Government is going to verify the 
contractor's performance. 

Each section of the integrated logistic 
support plan will be a stand alone document for 
the management of the individual elements. When 
the sectior,s ~re combined, they will form a 
volume which w'11 provide a comprehensive in It- 
erated logisti«.. support plan for the logistic 
manager, Each logistics specialist will be 
responsible for the development and acceptance 
of his/her specific section(s) within the inte- 
grated logistic support plan. With this method 
of developing the integrated logistic support 
plan, the logistics specialists will have the 
flexibility to ranage their own specific areas 
and yet give the logistic manager the capability 
of total integrated logistic support management. 

During the orientation conference, the 
Government will outline its Interpretation of 
the contractor's proposal as it relates to the 
aims, goals,, and objectives of the logistic 
statement cx work. These differences will be 
reconciled during the conference. Upon com- 
pletion of the conference, the contractor will 
forward the revised integrated logistic support 
plan tc the Government for review prior to the 
integrated logistic support plan conference. 
Thirty days after delivery of the preliminary 
integrated logistic support plan, an integrated 
logistic support plan conference will be con- 
ducted. Curing the integrated logistic support 
plan conference, the contractor will define, in 
detail, his concept of the logistic program as 
stated ir the integrated logistic support plan. 
4t this time the integrated logistic support plan 
will be accepted and become the prime loglsMc 
support document rcr the life cf the training 
device. 

The function of the contractor during the 
performance phase cf the device is based on the 
contractual agreements defined in tha integrated 
logistic support plan. These functions will vary 
depending on t>e maintenance ccncept/pUn, *ize 
cf the device, L'SEP's, and type of trfcintr. Cnre 
the integrated logistic support plan ras be*n 

approved, the contractor assumes full responsi- 
bility for aevelopment of the logistics support 
program. 
ACCEPTANCE PHASE: 

The acceptance phase is the Government's 
responsibility in that the Government must estab- 
lish the criteria against which the contractor's 
performance will be judged. These expectations 
^ust be stated in terms cf performance based, 
functionally oriented aims, goals, and objectives. 
This is accomplished as described in the defini- 
tion phase above. 

The evaluation method utilized to certify 
program acceptability wil1 necessarily vary from 
project to project since it is dependent upon the 
outcome cf the front end analysis accomplished for 
each device. However, in ell cases, the methods 
chosen will evaluate: (1) the ability of the 
personnel ass~gred to support the device to 
properly fulfill their responsibilities; (2) the 
usefulness of the support equipment such as tools, 
test equipment, automatic test equipment and 
diagnostics in enabling maintenance personnel to 
carry out the designated level of maintenance; and 
(3) the accuracv, quality and quantity of docu- 
ments such as maintenance publications, vendor 
r,anuö!s, PMS documentation, training publications 
and other required drawings, documentations and 
publications. 

Since the contractor has been assigned total 
responsibility for development of the total 
lotjisMcä support program during the performance 
phase, he is totally responsible for the accept- 
ability of his delivered product. As stated 
earlier, the provisions of SECNAVINST 420C.27A 
should be taken literally and applied unequivo- 
cably: 

The Government may . . . obtain the 
(required) work by contract, providing 
two conditions are met: (1) the con- 
tract itself must ask for the finished 
product, only, and (2) the contract 
must be administered ir such a way that 
control and supervision ever the work 
and discretion as tc the techniques 
which will be used remain solely with 
the contractor. . . . The intent of 
this statement is r>ade -xplicit in 
the next sentence. ... In ether 
words, if the Government wants a 
buiidino painted it defines the job, 
lets the contra tor' paint the building 
as he sees fit, and then accepts it 
or rejects it solely on the basis of 
whether the completed job iioets the 
Cent' ict specification. . . . 
Thus, if the contractor has not lived up to 

his contractua1 agreements, he alone will be 
financially responsible. He will be assessed a 
significant portion cf the over a1! contract an*>ur,t 
for his failure to perform. This «ssessnent may 
then be used by the Government to correct defi- 
cient areas through other means or to obtain, 
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through agreement with the contractor, extended 
contractor support until the contractor c-n 
correct his own deficiencies. The authors 
believe that, since a training device which lacks 
satisfactory support is no more useful than a 
library without books, at least 5C p'-vcent of 
the total contract price should be assessed *xr 
failure to provide a satisfactory logistics 
support prog "«jr. 

SUMMARY 

The rising costs, decreasing quality and 
flexible method of the cu rent procedures for 
procuring logistics support for training devices 
have uiaflk. changes inevitable. This paper has 
•ddiessed several of these problems ur.J has 
pointed out why fresh thinking is needed now. 
Obviously, there ~ no perfect solution to the 
multifaceted prob.ems associated wiir providing 
reliable, cost effective life cycle support to 
training devices and simulators. The authors 
have proposed the Performance Based, Functionally 
Orienced Logistics Acquisition Strategy as a 
pcssiole framewerk wh'ch can be emr 1•shed upon 
to acMev" two impcr*ant goals. Thf- first is the 
immediate need to improve c*r logistic acqui- 
sition policies. The second is V  provide a 
smooth transitional step into The e-a cf  full 
contractor support, which the authors believe is 
both inevitable and desirable .jivsn the pre- 
dictable events cf the future. 
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SOME ANALYTICAL THOUGHTS ON ONE ANSWER TO THE ARMED SERVICES 

TRAINING MANPOWER CRUNCH - TRAINING BY CONTRACTORS 

Dr. Jack Ballard 
Martin Marietta 
Denver, Colorado 

ASS'. RACT 

Numerous studies and discussion sessions havi focused on :he military personnel shortages 
extending through the year 2000. The manpower problem promises to be acut? according to de- 
mographers, as government, industry, and the military compete for a share of the shrinking pool 
of young work-ace personnel. Military personnel and training planners face an increasingly 
difficult dilemma on how to stretch their manpower to meet pressing combat unit requirements 
and, at the same time, to deal with greater training loads brought about by new weapons systems 
and high personnel turnover. The Services, particularly the Army, believe they need to reduce 
the number of personnel committed to the training function in order to free skilled and experi- 
enced key NCOs and officers for field duty. 

"This paper offers analysis suggesting on? answer to this serious training manpower problem-- 
more training performed by contractors. Training Lv contractors "'s certainly not new but it has 
been  largely utilized in the past for limited, hinh,y specialized, cft^n one-time, training 
efforts associated with the introduction of new weapon systems. A broader-scaled contractor 
training effort might offer better training continuity, more professional staffing, ways tc mi.et 
capital investment costs involving new sophiLticated computer-based training equipment, and yet 
produce a quality trained technician in a cost effective and expeditious manner. A pertinent, 
limited case study provides illumination in this area. The paper also addresses the disadvant- 
ages and problems, such as inflated costs, associated wich a contractor developed and run train- 
ing program and suggests contractor recponsibi1ities in this regard. The anticipated manpower 
crisis demands a search for solutions. An increased training role for contractors might ease 
the armed services .Manpower crunch while reducing the expected industrial competition for some 
of the same manpower resources. 

INTRODUCTION 

The demographic predictions about forthcoming 
national young worker personnel shortages are by 
now all too familiar. The problem in the 1990s 
whereby one-third of all 18 year  olds will be need- 
ed by the military and whereby the military/worker 
recruiting pool would be 20 less tnan the 1978 
peak has been aired in numerc s Armed Services 
meetings and industry conferences, particularly, 
those relating to personnel and training. A year 
ago last May, the problem was an important item of 
discussion at San D'3go during the first Annual 
Conference on Personnel Training Factors in Systems 
Effectiveness. At last year's -V •■ annual confer- 
ence, several speakers addressed tne subject. The 
discussion has been so extensive that one of the 
1981 papers, by P.D. Maher of Hughes Aircraft 
Company, had as its title, "Military Personnel 
Shortages Through the iedr  2000 - Enough Talk.' 
Let's Do Something!.' I" 

As usual, "doing something" is considerably 
more difficult than reviewing and dissecting the 
problem. Nevertheless, a number of very positiv^ 
proposals have been advanced. These include great- 
er utilization of technology, such as simulators, 
interactive computer based training devices, inter- 
active video disc systems, arcade games, robotics, 
and personnel electronic aids to maintenance. Such 

technology potentially could reduce system manpower 
reg... i, ements, decrease training times, conserve re- 
sources, and trim personnel .upportinq training. 

Other ideas on meeting tne manpower crunch 
have included the expansion  " broauening of the 
workforce by greater use of women, postponed re- 
tirements, more extensive use of less capable 
people and, in the case of the military, the use of 
the draft. 

Still other proposals ha\"> called for enhanced 
worker/serviceman productivity (particularly during 

on and retention 
ng design in 
nate manpower 

the early years), improved select 
of personnel, and better engineer 
weapons systems tc reduce or el in; 
requirements. At the same time, the weapon system 
designers have been urged to incorporate extensive 
human factors front end analysis with respect to 
trainabi1ity, operabilitv, and maintainability. 

Many educators, educational psychologists, and 
researchers have called for expanded research in 
the area of training transfer in order to derive 
the most education/training efficiency possible in 
the shortest time and for the least money. The 
goal would be to keep the trau, re in the traini :g 
pipeline as short as possible and to make him more 
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productive once on the job. 

All these ideas have merit and need to be 
pursued. Obviously, there will not be one answer 
but a combination of many ideas that will be needed 
to meet the manDower and training requirements of 
the 1930s and 1990s. 

ANOTHER ANSWER 

With the thought that a multiplicity of 
answers will be necessary, yet another idea is 
offered toward easing the forthcoming crisis--a 
greatly increased training effort by contractors. 
Training by contractors is certainly not new. Many 
weapon system manufacturers by necessity must pro- 
vide operaMlity and maintainability training on 
their products. After all, they know tue equipment 
and can train the technicians because they design- 
ed and built it. In addition, companies special- 
izing in training services and training equipment 
oaye  appeared throughout the country. Thes° train- 
ing businesses have garnered training contracts 
from both industry and the Military. Primarily, 
what is being suggested here, however, is that the 
scope of the current effort be notably increased 
and that the military consider contracting out 
their training effort in areas not previously 
thought appropriate for non-military hands. 

Several str.ng and cogent argument^ can be 
made for this proposal. First, a stronger and more 
comprehensive contractor training effort would free 
key, critically needed, experienced, highly skilled 
non-commissioned officers and officers for field 
duty. These personnel are usually the "cream-of- 
the-crop" in the Armed Services and placing them 
be~k into field leadership positions greatly en- 
hances military readiness. The services have 
actively sought ways to reduce their military 
training starts, partially to reduce training costs 
but mainly for the aforementioned reason. Recently, 
the U.S. ":r Force has strenuously complained about 
the relative high proportion of inexperienced air- 
men in complex specialties. 

Second, better training continuity will re- 
sult with a more .table contractor staff. The 
Armed Forces with their rotation of personnel to 
overseas positions, and ~ver: with stateside assign- 
ments, inherently have a continuity problem. Con- 
siderable eftort must be expended to prepare «»Hi- 
tary instructors for their trainina responsibilities. 
Often the new military in*tryc!or must be sent to 
special contractor offered courses (sometimes 
called Typp I training) on new equipment, Thus, 
maintaining continuity is a custly and time-consum- 
ing problem for tne military. 

Third, a contractor training effort would pro- 
vide a high technology, state-of-the-art approach 
to training without the large capital investment, 
in similar programs being required by the Armed 
Ser.ices. Many companies and corporations have 
heavily invested in sophisticated interactive 
computer based video disc training systems both fa** 
commercial selling of training and to strengthen 
their own internal ^raining programs. The 31 May 
1982 issue of Aviation Week provided an excellent 
"xamplt in its article concerning Boeing Company' 
approach to flight and maintenance training for its 
new generation of t snsports. The thrust of the 
article was Boeing's fforts to use new technology 

(simulators and computers) to simplify the training 
of pilots and mechanics. Most romnanies, like 
Boeing, would welcome greater use of their expen- 
sive instructional systems at company training 
centers. The .Military could contract with a 
commercial firm- utilizing their advanced computer 
based, video Jicc equipped learning centers to 
accomplish specific training tasks. Contract 
train,ny, however, should not be viewed as simply 
sendinn the military t^inee to a company. There 
may be many times when travel costs or other eco- 
nomic factors would dictate having the contractor 
administer training on a military installation. 
During the NSIA sponsored Army Training Technology 
Conference at Williamsburg, Virginia, in Fe'r "uary 
of this year, a tour of the Army's helicopter 
maintenance training at Ft Eustis revealed several 
prime candidates for a contractor training effort. 

Going one step further, taking training to the 
trainee in the field could, at times, best be per- 
formed by a contractor. Lt Gen Julius Becton of 
TRADOC has called ior more study of reducing school 
time by field training. Dr. Davis S. C. Chu, 
Director, Plans, Analysis and Evaluatiun for the 
Secretary of Defense, has ralked about contract 
support (which could include training) on bo^rd 
aircraft carriers, even in forward areas. 
Obviously, such contractor training would occur 
most frequently where small numbers of high skill 
technicians need training on a sophisticated piece 
of equipment. It is here that a contractor can 
make his most valuable contribution while holding 
down time in the training pipeline. 

Still another argument for contract training 
is the more professional staffing that is possible. 
This is not to say that there are .iot quality 
military end civil service instructors, there are. 
However, the turnover problem often reduces the 
concept of training professionalism. Currently, 
in the ICBM force, as ar, example, training at 
the operating command level is being accomplished 
by technicians selected from the work force and 
designated "instructors." The fallacy cf this 
procedure is (1) that manning documents are not 
structured to provide additional manning for 
"instructors," (2) the work force is effectively 
reduced and (3) although the "instructors" may be 
exceptional technicians, their auilities as quali- 
fied instructors may be seriously lac*ing and they 
may. in fact, be adding to the unit's training 
burden. In the military schools, the instructor 
is typically identified ds a skilled technician 
first and foremost and only secondarily assumes 
the role as a trainer/educator. He frequently has 
only one stint as an instructor. In contrast, a 
business involved in providing training services 
recruits and hires an experienced instructor who 
is expected to continuously exhibit the trad.marks 
uf a competent trainin, professional. 

Turning more to contract training during the 
manpower crunch period would also ease the 
inductrial/military competition for the samt 
individuals in the dwindling pool of technicians 
and training professionals. The numbers might 
not be large but, because of the skills involved, 
they would be significant. Any stretching of the 
manpower resource will be important. 

Unfortunately, as with most proposals of this 
nature, there are disadvantages that must be 
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weighed. Most formidable, at least at first 
glance, is the ccst that contractor training 
would entail. Because training would be openly 
purchased, costs would become supremely visible, 
like other parts of a weapon system. Some train- 
ing associated with the introduction of a sophis- 
ticated new equipment, say a killer satellite, 
would be expensive indeed. A word of caution, 
however, Dr. David Chu points out that the cost 
of training conducted by the .nilitary ches not 
ah.ays roflect indirect costs cuch as personnel 
retirement and inflationary (COL) increments. 

Another disadvantage, associated with most 
procurement actions, is the loss of some flexi- 
bility. Changes in training programs could 
become more difficult because of contractual 
rigidities. Planning and requesting training 
would assume greater riqnificance because time 
would have to be allowed for procurement pro- 
cedures. 

In addition, some will argu° that the con- 
tractors cannot respond to wartime expansion 
requirements or, perhaps, not effectively train 
for war situations. 

There may be other disadvantages but, like 
thL aforementioned, they dre  not likely to 
counterbalance the gains offered by increased 
contractor training. 

A CASE IN POINT 

How might more contractor training work? Let 
us take the new M-X ICBM as an example. 
Currently, b,  contract considerable training 
planning is underway by various corporations 
working on this new missile. This large four 
stage ICBM incorporates new technology requiring 
extensive training for the trvning of ISO 
developers; instructors for Air Training lommand, 
Strategic Air Command, and Air Force Logistics 
Command; Missile Test personnel; and the initial 
cadre for the operational base of the deplov-'d 
missile. The military ISU developers, instructors, 
and initial cadre personnel are expected to plan, 
to assemble, and to execute a training program 
to satisfy the manning needs for the new weapon 
system by 1986. This is essential and good but 
it doesn't go far enoug ). 

What makes greater sense, particularly in 
light of th*- anticipated shortage of skilled 
technicians, is for the contractors to carry their 
training planning into action. When the Air Force 
lets the weapon system contract or contract*, a 
complete training package should be included. Not 
onTy would contractors plan out they would complete 
the ISD process and then conduct the training. 
The contractors, 1'ke Martin Marietta in M-X, have 
by necessity organized and administered a training 
program for their own personnel. The training 
staffs and courses nave been assembled and train- 
ing initiated, instead of training Air Force 
personnel to train ether Air Force personnel, the 
contractor would then build 0.1 the contractor 
training already underway and assume the whole 
training burden. In addition, the current, System 
Requirements Analysis and Logistics Support 
Analysis contribute greatly to the ISD effort in 
effect negating tfc* need for the long, costly :SD 
development by the mil.tary. In the case of M-X, 

the contractors would provide the training for the 
initial operational base personnel and any neces- 
sary tollow-on training to support the operational 
missile. In other words, trie contractor or 
contractors would provide complete educational 
training services thereby freeing military men and 
women for other duties. 

In brief, what is being suggested is that the 
Armed Services let the contractors build their 
training program as they also build the hardware. 

IMPORTANT CONSIDERATIONS 

Whether the contractor training effort is 
part of the development and deployment of new 
weapon systems or the contracting out of an on- 
going military training program, certain elements 
must be stressed to insure success. 

First, contractors must deliver and maintain 
profesrional, quality training. As with any pur- 
chase agreement, the customer, in this case the 
nation and the Armed Services, has a right to 
expect, that, after training, defense personnel 
will be able to perform their ever increasingly 
complex tasks. This means the contractors must 
institute rigorous quality controls rver training 
just as expected on hardware or software. No 
slipshod training can be tolerated. Because of 
the nature of the educational process a_nd the 
sensitivities of educators to the imposition of 
quality standards, this is n-ot as easy as it 
sounds. 

Second, contractors must implement stringent 
cost disciplines in their training programs. As 
previously noted, businesses involved in training 
can often take greater advantage of new technology 
to strengthen, speed, and enhance the efficiency 
of their traininj. At the same time, restraints 
must he exercised in continual procuring of newest 
state-of-the-art training equipment, thereby 
constantly escalating costs. Similar to design- 
ing, the temptation of over-jngineering must be 
avoided. To make it possible for the Defense 
Department to contract for training, costs must be 
kept re.":stic and with appropriate justification. 
Also, contractors need to be prepared to offer 
"liie cycle" costs in their training uroposals. 

On the other side of the coin, the Defense 
Department should fully consider and weigh all 
costs associated with military manpower, including 
such elements as retirement and inflationary pay 
increases. This becomes important when assess- 
ing or comparing the economics of training 
conducted by the military with training conducted 
by industry. 

A fourth consideration is the matter of 
responsiveness to tracing retirements. Not only 
must contractors plan and prepare to offer train- 
ing packages, along with their weapon systems, 
they need a receptivity and capability to adjust 
to changes in on-going trains.g programs. One 
of the major problems in military training has 
been the many fluctuations in the flow of person- 
nel th-ough the training pipeline. It should be 
kept in mind that training people will forever be 
a dynamic enterprise and contractors involved in 
tiis enterprise must recognize this and maintain 
a greater flexibility than normally considered 
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with contractual specifications. 

A fifth factor needing consideration is the 
outlook of Defense personnel toward contracting 
training. Defense officials will need to be wore 
open to proposals in this regard, including train- 
ing exclusively 3id traditionally thought of as 
administered only by military units. In some 
esses, traditional military training programs 
could be broken down into parts, some ot which, 
especially combative or security sensitive, would 
remain militarily conducted, v.hi 1 e others would be 
handled by commercial firms. In the last few 
years, there has been a definite yain in the 
receptiveness of high officials but this must be 
extended to lower levels in order to make a bigger 
■""mpact on the manpower problem. 

Sixth, serious thought must be given to more 
automated tutorial type training for recurring 
and long-range program.,. The military services 
commit important resources to administering train- 
ing that is required on an annual basis. Con- 
tractors could step intc this picture with a 
valuable service. Because of the often low 
priority of these tr&ining programs and the need 
for the most economical training possible, 
commercial firms woula need to rely on technology 
intensive (individualized interactive video disc) 
versus labor intensive approaches to this training 
ar-°a. In concept, a contractor run learning center 
vould offer a self-paced traininy package to the 
trainee who progresses with little supervision to 
ci test and final fulfillment of the training re- 
quirement. 

Finally, contractors, just as their military 
counterpa,ts, must continually tie training to 
mission effectiveness. Since we are  talking 
basically about military training, the question 
should forever be raised, "What happens in a war- 
time situation?" Is t'\e  training pertinent to 
war needs? Can readiness be rraintained and can a 
fighting effort be sustained? What about surge 
training capacity r.o support larger war forces? 
Some individuals have called attent;on to this 
point, like Dr. Arthur- Siegel of Applied Psycho- 
logical Services Corporation, who takes a dim view 
of all the talk about simulation behavioral model- 
ing that cannot reflect wartime requirements. 
Likewise, all contractors must look critically at 
their training in the same regard. To paraphrase 
an oft quoted renark, "We don't want to build the 
best training system that can be built ar.d then 
have a war come along end  ruin the whole thing." 

quality trained technicians or operators in a cost 
effective and expeditious manner. 
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The foregoing discussion suggests yet another 
way to respond to the nation's fortnco'iing man- 
power crisis. It is clear a multifaceteJ solution 
to this difficult proMem is needed and tra.ning 
by contractors can be part of the overall, work- 
able response, it does offer a number of signifi- 
cant advantages. At the same time, its effective- 
ness could depend on a variety of factors. With 
their careful consideration, contractor training 
could nelp promote teamwork, insteaa ot deadly 
competition, between government, the military, 
and industry in stretching limited people resou~ces. 
A far broader scaled contractor training effort 
could tins b- a significant contributor to a 
solution of j national problem while producing 
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~-:~Effective corrrnunicat iuns between Government and Industry, so necessary for a succeso;ful pro
cureme:lt effor·t, have often bten missing in the past. This has ·esulted in cost overruns, unreal
istic ~ppr·oact1es ilnd expect<~tions, missed schedules, and finally unuseable and inadequate deliver
Jblcs. J,, this, the Age ot Atari, the training community has used the game approach to success
fully train personnel in m..::ny areas. This paper uses that same approach to reach both Government 
and Industry in an effort :u remedy the communication situation. The game is based on some of the 
milestones which occur dun''ll a procurement. The rules are the polici~s and gJidelines 1·1hich both 
players must consider to [Jr·ugress toward the game's end. 8oth Government and Industry win through 
the exchange of i nformatio'. i nc"eased coi1T:1unication, and team effort. In conclusion, it was tound 
that eL·fective communicutivrs arP an essential l<ey to success in the gam~--

SECTION l The game consists of ),ve innings. The Govern-
INTROlJUCI:ON mentis the visiting team. Industry is the home 

The procurement cycle, as !.loth Governm'"nt and 
lndu~tr·y know it today, is Jften full of misun
derstanding, fin9er poin•.in.,, and adversary re
lationships. Each side in ~his conflict trar'i
tionally spends far too 111uch ti:ne in trying to 
determine 1vho is right, rat·1er than moving for
lv,>rd in a joint, mutuully :eneficial effort to 
r·esol ve prc-:urement proble<n '>. Effective co~nu
n icat ion frorn boUr sides wlric11 could increase the 
likelihood of successfui CJ,tract completion is 
often missing. 

The purpJse of this paper 1 s to a jj both the 
Government and Industry in dChievi ng rr.cre effec
tive communication in this area, specifically 
during the procurement cycle. The approach taken 
has been to present the problem in a (lame format. 

The nilmc ,,f this giln.e is PC (Procurement Comnu-
1ication). Everyone can part1cipate in this type 
of game. There are no 1 imi ts on the number of 
pI ayers, but t11ey are generally grouped into tw'l 
tr~arns, Industry and Governmen':.. The goal of the 
:_;overnment team is "to obtair a good product for 
a fair price," while the gc 1 of the lnduo;try 
team is "to obtain a reason·~~] -'profit." 

The game setting i~ the Accp;:sition arena. The 
object of the ga"'e is for u t-:am to successfully 
progress through five procun:. ·nt milestones: 

Requirements Definition 
Request for Proposal 
Cont1·act Awurd 
Post Award 
Modification, Completion ur Termination of 

Contract 

Each milestone has its own pe:.:uliarities and as
sociated policies which will present a cOirrnuni
cations c~1allenge to all the participants. The 
risks for each team i ncrc,Fr· as they progress 
through the milestones. 
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team. Each team wi 11 have an "up" in every in-
ning. 

To keep the game interesting, there are a few 
constraints ·to l1e considered. On t:1e Governn.ant 
side of the boord, one constraint wac, aptlJ• de
scribed in a theorem by B. Schernmer, Editor of 
the Armed Forces Journal: 

"WI1en faced wilh a 20-year threat, Govern
ment responds with J 15-yeilr program in a 
Five-Year Defeno;e Pla:1, managed by 3-yeJr 
personnel, funded with single year appro
priations." 

On the opposite side of the b"ard, Industry 0ften 
has high mobility of personnel d.ring a procure
ment eye 1 e. Those that understand what is re
quired ar.d desired in the beginning ar~ not 
necessarily those who execute the contract. 

Corrrnunication difficulties between Industry and 
Government merely add to any existent prob 1 ern. 
Th~1ugh u:e of the PC Game approach and effective 
communications, Government and Industry can both 
become "smart players" and end u~ a winning team. 

MILESTONE# 1 
REQUIREMENTS DEFINITION 

The Government is cont1nuully considering new 
requirements for pr!A:urement. Mastery of Mile-

. stone #1 requires that lw1ustry be advised of 
these requirements. The methods by whic.h the 
Government ma~es its requirements known to In
dustry are varied. One approach is the annual 
IntersHvice/lndustry Training Equipment Con
ference, whi,:fJ presents a perfect forum for ad
vising lndu:;try of Government's requirements. 
La~t yeur·' s conference was attend·~d by 668 In
dustry and 46i Governr.1ent representatives. 

The Government strives tO---i-mprove its procurene nt 
practic.es through various mEthods vf communica
tion. An excellent example of this wa; a serie~, 
of three conferences (At l,mta I, II and I I I) held 
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by the U.S. Army material acquisition community 
in May 1974, February 197b, and May 1976. In- 
dustry representatives met with Army representa- 
tives to review an Acquisition Process that was 
beset with many problems. Communications flowed 
freely and this was quite evident by the tone of 
Major General  George Sammet,  Jr.'s comments: 

"Late in 1973, the Army's Acquisition Pro- 
cess ..as an object of increasing criticisms. 
The process was viewed as cumbersome, 
nonresponsi ;e, and layered with bureaucracy 
that either couldn't or wouldn't perform. 
Criticisms came from every quarter. 

We didn't like what we heard and didn't be- 
lieve it.    No manager likes criticism. 

Nevertheless, the perception that we were 
not effective and were hard to do business 
with remained. Whether this perception w ~, 
indicative of the true state of our acqusi- 
tion capabilities or not, something had to 
be done. We did suspect that the outside 
world saw all of our weaknesses, and little 
of our strengths. 

We decided the Dest course of action was to 
get this probier? out in the open and meet 
directly with most of our severest critics - 
our  industrial   sunpli^rs." 

Twenty-one acquisitions/initiatives were estab- 
lished at these meetings. One of these initia- 
tives, Acquisition Initiative No. 6, "Advance 
Research and Development (R&D) Information," 
recommenoed release of planning summaries (less 
funding data) and the cunuuct of advanced brief- 
ings. Baseo on the results of these three con- 
ferences, the Project Manager for Training 
Devices (PM TRADE) established a policy whereby 
their requirements documents would be released 
to Industry on request ana briefings would be 
conducted informally within reasonable limits 
considering workload, availability of personnel, 
and factors of  that nature. 

However, before this information can be furnished 
to Industry, the Government must have accurately 
defined their . equirements. Requirements snould 
fulfill user desires and at the same time bo 
technically feasible  and  affordable. 

Meanwhile, before Industry can master the Re- 
quirements Definition Milestone, they must es- 
tablish their corporate performance objectives 
and policy guidelines, as well as recognize where 
their capabilities lie. Performance objectives 
include tl . oeterir inat ion of the type of market, 
possible market share, anticipated dollar amount, 
and return on investment (RUl) desired. Policy 
guidelines relativ, to quality assura'ice, pric- 
ing, pub i ic relations, advertising and financing 
must be dec ided. 

Once these objectives o.id policies ire estab- 
lished and corporate capabilities <ire recognized, 
industry must then Obtain information about the 
present and future characteristics of the Gov- 
ernment market. At the same time, they must 
turUier their own capabilities through indepen- 
dent research and deve lopment, updating of resi- 
des skills and/or experience 'hrouyh other con- 
tracts. 

Milestone achievement is now measured. In the 
top half of the first inning, the Government, is 
asked the following questions: 

1)    Have   tl s   requirements   (not  juit   a   wish 
list) been accurately defined-? 

2)    Has   Industry   beer',   informed   of 
quirements? 

the   re- 

3)    Are    the    requirements    achievable    with 
state-of-the-art technology? 

If the answer is "no" to any of the three, the 
side must retire. To continue the came and reach 
the milestone, the requirements must be rede- 
fined, Industry must be informed, and the tech- 
nology must be available. The game continues 
when all  answers are "yes". 

In the bottom half of the first inning, Industry 
is asked the following questions: 

1) Have   performance  objectives   been  deter- 
mi ned? 

2) Has the marketplace been  identified? 

3) Have   corporate   capabilities    been    ex- 
panded and updated? 

If the answer is "no" to any of the three, the 
side is retired. To continue, corporate per- 
formance objectives must be determined, the mar- 
ketplace where company capabilities most fit must 
be identified, and capabilities must be updated 
and expanded. The game continues when all an- 
swers Are  "yes." 

Lack of communication with Government as to ac- 
tual require ents may cause Industry to waste 
money in the wrong areas and elevate overhead 
rates, causing them to no longer oe 
competitive.     INDUSTRY LOSES. 

If Government fai.s to communicate its require- 
ments to Industry, research and development ef- 
forts may proceed along and not meet the needs 
of   anyone.     The GCVEKNMEN1   LUbES. 

Effective communication can turn this into an 
"LVERYBUüY WINS" situation where Industry keeps 
Government informed on the state-of-the-art, as 
well as new research breakthroughs. In return, 
the Government will be able to plan developments 
around tU1 latest technology while keeping 
industry  apprised  of   the requirements. 

MlLtSlONt  f   c 
REQUEST  FUR  PROPOSAL 

The next play belongs to the Government, who 
formally communicates with. Industry by publishing 
a synopsis of o.i impending procurement in the 
Comneree   buslnesb    Da l ly    (IBD).      Tins , nes 
prospective offerors an equal opportun • ty tc 
participate  in  the acquisitions. 

Uurinq this milestone, industry must obtain as 
much information on the Government 's requirements 
as possible. This incluOeS military philosophy, 
weapons or system requirements, declining or ex- 
panding markets, and general MG-^". Industry 
must   obtain   guidance   to   optimize   selection   o' 
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biddable RFPs, which will maximize the KOI and 
utilize capabilities and available facilities. 
Sufficie.it advanced lead time in relation to the 
RFP can only be obtained through good communica- 
tions with the Government as to its purpose and 

requirements as defined in Milestone' 1. This 
intelligence can improve Industry's competitive 
position, AnalyMi of the Government require- 
ments can aid in any Bid No Bid derision thit 
must be made at this time. 

The Request for Proposal (RFP) is -i major ac- 
quisition link that must be carefully prepared 
by the Government. Important documents embedded 
in the RFP are the Statement of Work (SOW) a^d 
the Specification. These documents should be 
accurate and co;.-ambiguous, since they define the 
level of effort required of the offeror to ac- 
complish the task. They also play a significant 
role in proposal evaluation, and ultimately be- 
come the standard for measuring the Contractor's 
performance 

Industry's answer to the RFP requires se^er\.! 
types of communir at ion.. Within each corporation, 
the approach must be clearly communicated to all 
proposal writers. True requirements must be un- 
derstood before they can be answered in a tech- 
nically acceptable nvnner. Industry proposal 
writers must infers; the Government of the offer- 
or's intentions in a manner which cannot be mis- 
understood or misread. At. the same time, they 
must persuade Government that theirs is THE best 
approach. Developed "Should Costs" must be 
accurate,  and pricing inputs must be realistic. 

The Government must avoid providing any informa- 
tion relative to proposed or contemplated ac- 
quisitions to any prospective offerors without 
providing it to ail, since it might give them an 
advantage over other ottero.s. Not playing by 
these rules may earn the Government team a stiff 
penalty, since all prospective offerors must be 
provided exactly the same informrtion. 

A Pr«-Proposal Conference is sometimes held to 
assure that the scope of work is understood or 
to clarify portions of the RFP. The questions 
and answers are recorded and furnished to all the 
offerors. Requirement weaknesses or ambiguities 
ire sometimes revealed at Uns st ige, and a for- 
mal amendment must be made to trie RFP. Such 
changes to the solicitation package must be fur- 
nished to a!I  tirms. 

The Government is responsible for safeguarding 
all information contained in an Qfferor's pro- 
posal Uns ire iudes bids, quotations, descrip- 
tive literature/material or special technical 
data. In audition, any discussions held with 
offerers about their proposals must not Qtsclose 
information relative to any other competing of- 
ferer's proposal. 

'ntornu'Mon provided in the Industry response to 
the RF^ is privileged anu confidential. When it 
is provided to the Government ii good faith, it 
is assumed that Government «'yes >nly will vie* 
)t. 

In the top half of the second inninq, the Gov- 
ernment must  -nswt'r the following questions: 

J)     Is  the RFP CJCcurate and non-ambiguous? 

2) Has the same information been furnished 
to all prospective offerors? 

3) Has all contractor confidential informa- 
tion been safeguarded? 

Any "no" answers cause the side to retire. The 
milestone can be achieved by clear and concise 
wording of the RFP, by assuring that ail prospec- 
tive contractors receive the same information, 
and by safeguarding the confidentiality of 
contractor-furnished information. 

In the bottom half of the inning, Industry raust 
answer the following questions: 

1) Has the bid decision been decided from 
a thorough analysis of available intel- 
l igence? 

2) has the RFP been answered in a manner 
which cannot be  ""sunderstood? 

3) Have realistic cc: ts been proposed? 

Any "no" answers cause the side to retire. The 
milestone will be reached by using all informa- 
tion available to make the decision to bid, by 
understanding the RFP and answering it in a non- 
confusing manner, and by accurately projecting 
the price of the project. 

An offeror in developing propos . I costs must be 
very careful. Proposals that are too high may 
be non-competitive and proposals that Are too 
low endanger potential profit. Either way, the 
0FcPRUR LOSES. 

Whenever Government fails to communicate its 
needs to Industry, the results Are an item of 
insufficient Quality (performance) or a higher 
than anticipated cost. The results can be 
equally undesirable if Government fails to un- 
derstand the proposal from Industry. It such a 
proposal is accepted under a cost type contract 
and runs significantly higher than envisioned, 
added costs result. The total liability was not 
understood,  and GOVERNMENT  LOSES. 

both GOVERNMEM and the UFFfcROR CMN WIN, through 
their ability to effectively communicate via the 
written word. 

MILESTONE  #   3 
CUNTRACT  AWAKU 

Prior to contr«sct award, an in-depth evaluation 
of dll proposals received must be performed by a 
Government team of experts. lhe evaluation must 
be thorough, unbiased, and in accordance with the 
factors provided by the RFP. Industry must have 
confidence that the Government wi I i follow the 
st.Uvd plan. 

Ot'erors must sometimes provide clarification 
regarding specific areas of ^ proposal. borne 
proposals are found to be unacceptable when they 
till to address the salient points Of the KfP. 
hollowing clarifying discussions, offeror* may 
be  JSM'd fto   their  "Pest  anu final   offer". 

hollowing evaluation by the bovernatrnt, the suc- 
cessful offeror is not ft led and a formal notice 
of contract im^rc is pull »Shed m the mmmerc e 
business  Daily. 
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rh<: llL'Xt lll<ljor· CO!llrnunicalion c1t'ed is the negoti
dtiO:IS ·;~hich are conducted in accordance with 
';tr·ict procedur·es. The purp,Jse of negotiations 
is to allo·.., cc>mJ>lete understJnding regarding what 
tn1c offer·or proposes dlld wlrether it meets the 
Gov•'rr>m(~nt's requin~ments, Mid finally to allow 
neC)otiation on the cust of the effort. The lat
ter is of paramount importance>, since the Gov
cnHnent must be a\o~Jre of its 1 iabi 1 ity and the 
~~nntractl'r is concerned with a profit. 

llur·i mJ inning number three, the Government must 
successfully answer the following: 

l) Has the best contractor (who wi 11 supply 
best value) been chosen? 

08viously, the w:-ung choice here will result in 
J less than optima 1 procurement effort. 

ln their hJlf of the inning, the winning Con
tractor must successfully answer the following: 

l) \.Jill we assure tn,~t the contract award 
~as well deserved? 

When bolh ans•.vers are "yes", the game progresses. 
The Government has successfully described its 
needs, and the Contractor llas successfully de
scribed a method for meetin~ those needs. 

f'<II LESTONE # 4 
POST AWARD 

A Post Awar·d Conference should be held at the 
Contractor's fJcility during the first month af
ter contract award. Such a meeting can establish 
rapf)ort between the Government and the ContrJc
tur. It sets the tone for an effective working 
r.:lationship, advises the Contractor of the 
n;port ing requirements, and clarifies contractual 
j,'Oi nts. 

Informal communications can now proceed on a 
day-to-day basis at the working level. Reports, 
records, amendments to the scope of work, or 
delivery schedules are conveyed on a formal basis 
via the Government contracting officer. Any 
amendments related Lo delivercJbles or the scope 
of work can only be approved by the contracting 
officer. However, the contract also provides for 
various meetings between the Contractor and Gov
ernment re"lative to particular program aspects 
·.vhich allG•.v interactive communication. 

Both Contractor and Governme r.t management must 
1JC effective communicators witl:in their internal 
environments. Effective internal coranunications 
can lessen the possibility of external conflict 
when each team interfaces with the othPr. 

By the time Post Award, the fourth milestone, is 
in sight, the ContrJctor should have his task or 
job cl2arly defined. The requirements of the RFP 
should be reduced to precise and detailed work 
statements. The Specification and any instruc
tions necessary to undertake and complete the job 
should be understood. 

It is now the privilege of the contractor to do 
the job as he sees fit within the limits of the 
contract. The tendency to ask for direction 
continually from the Government should be guardr!d 
against. Good internal communications must be 
established. Management should look to the 
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written terms of the contract for gu1dance and 
to the Government contracts administrator for 
interpretation. 

At the same time, the Government should be in a 
surveillance mode, not a supervisory one. It 
should not dictate how the Contractor is to per
form, but rat:1er assist the Contri'ctor when 
necessary to ensure that, contractually, the 
Government receives what it bargained for. 

Probably the sin:Jle most important factor during 
Post Award is establishing informal co~nunication 
between the Government and the Contractor at the 
working level. Initially, the Government initi
ates much of this communi cat ion to assure th~t 
the Contractor fully understands what is required 
under the contract. However, once work com
mences, a flow of progress reports and problem 
identification and resolution is communicated 
back to the Government from the Contractor. Such 
an information exchange is required for smooth 
progression of the effort. 

During their respective turns in inning number 
four, the Government and the Contractor must re
ply in the affirmative to the following: 

l) Have we established effective conrnuni
cat.ion methods with our Contractor/the 
Government? 

2) Are we allowing our Contract0r/the Gov
ernment to do the job we both agreed to 
durin~ contract negotiations? 

If the1e are minimal problems and there is ready 
resolution for existent ones, and effective com
munication methods have been established, the two 
teams can successfully advance to the next mile
stone. 

MILESTONE # 5 
MODIFICATION, COMPLETION OR TERMINATION 

The fifth inning and final milestone are a cul
mination of all the pluses and minuses which have 
accumulated throughout the game for each team. 
The milestone can take three separate and dis
tinctive forms, Termination of the Contract, 
Modification of the Contract, or Completion of 
the Contract. It is during this period that each 
tear.r can judge the effectiveness of their com
munications; and retire from the game arena to 
lick their wounds, regroup, or successfully com
plete the procurement. 

A variety of reports, i.e., progress or status, 
expenditures, achievement of specific technical 
~irectives, etc., constitute a formal record of 
the contractor's performance. These reports 
provide details of information already known to 
both parties. However, future actions of both 
the contractor and other Government agencies are 
based upon these reports. --

The item developed under a contract must be 
tested in accordance with a fonnal test plan. A 
great deal of two-way formal anrl informal com
munications are involved 1 n the process. When 
the item is successfully tested, the result is 
contractual progress. When the test is not suc
cessful, sometimes a modification to the contract 
is necessary. There are a few contrJcts that are 
not successfully completed but are terminated fer 
various reasons. 



Te,·mination ot the contract may be the disas
trous res u lt of a como l et e fa i l u re to c orrmu n i -
cate effectively. No 'meeting of the minds has 
occun·ed, no rea 1 understanding of the problems 
has hJppened, and each pJrticipant in the game 
must retire in defeat. 

The middle ground between failure and success in 
the P roc u reme nt Game is con t rae t mod if ic at ion. 
Through a I.J :-e akrl own i ;1 the c ommur. i cations pro
cess, the contract hac; gotten off the track. The 
qa1~1e plan is then to repair the damage by re
establishing the comnunication link to permit 
redef in it~ on of the requirements ;,nd rethinking 
the prob'em. Progres~ tnward completion can then 
beyin a9ain. 

If communications hav·> been effective, the Con
tractor and the Governn•ent a:-·~ new a team. The 
final milestone has resulted in ~ict0ry for both, 
co·~tract completion. The G·wernment r.as obtained 
J go·.,,~ product for a fair pr·;ce and the Con
trdctor· has realizecl a reasonable profit. Ef
rc·u ve co'llmunications have made this possible, 
cllid ~·.;th l1avr dChieved SUCCeSS. 

CONCLUSION 

As the Procurement ConTnunic;.~ion game progressed, 
nei tiler the Govcr·nment nor lndustr·y could advance 
tnrough the milestones without COirinunicating with 
the other. Hi lestone #l required that convnuni
cation be estublished between the opposing teams. 
Success in continuing the game depended upon 
a·t~ar·en.~ss by lndustr·y of Government requirements 
and ,1\vareness by Governm..:nt of Industry's tech
nological gains. 

i-1i lc:stone #2 built. on that initial communication 
baseline. lhrough '2ffective conmunication, the 
Government te<!lll achieved success in the inning 
by pulJlishing il clear and concise RFP while pro
viding a 11 off erors the sa me i nf ormat i 011 and the 
lndustr·y teum achieved C'.uccess by sub;nitting a 
respcnsive and realistically pr·iced proposal. 

Hi lestone #3, ContncL AwJrd, marked the mid
point in the game. Negotiations required that 
effective verbal comnunication be established by 
e,•ch ceam so that the Government could assume 
that its :1eeds would be successfully met and ln
dustr·y, now ::he Contn.:. tor, could assure that the 
a>·;Jnl w0s deserved. 

Post ll.ward required effective communication on 
the i nfomal as well as the formal level by both 
sides. Success in Milestone #4 was keyed to 
cOIITllunicdtion by all team members to each other 
and to their counterparts. 

When the' two sides reached the final milestone, 
each had achieved its goal. The Government had 
its good product at a fair price and the Con
tractor had its reasonable profit. Playing the 
game and winning required an exchange of infor
milt ion that was thoroughly understood by both 
teams. Effective co11rnunications were an essen
tial key to success in the game. 
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A DSMC SIMULA T!ON: DECISION EXERCISE::, 

George R. McAleer, Jr. 
Director, Acquisition Management Laboratory 

Defense Systems Management College 
Ft. l'elvoir, Virginia 

ABSTRACT 

(.~ 

''::Pin order to create a realistic learning environment for future acqu1s1tton managers at the 
Defense Systems 1\lanagement College, a series of 20 case studies and 3 decision exercises have 
been developed to provide a, scenario as dose as possible to the real world of weapons systems 
acquisition management. A 'l.iwomb-to-tombk~approach is taken: i.e., a mythical weapon system, 
System X, begins its life in mission-area analysis; has a gestation period culminating in a 
:Justification for \-lajor System New Start; then a development, production and deployment life; and 
finallv is retired and disposed of. The system acquisition life cycle is the background structure 
on which the storv-line for these cases is maintained. The Decision Exercises utilize the same 
story-line as the cases; they provide the student an opportunity to make systems 
acquisition decisions, then Jive with the consequences of these decision;~ 

•<):: DEFENSE SYSTEI\IS MANAGEMENT COLLEGE 

The mission of the Defense Systems Manage
ment College is " ... to educate acquisition profes
sionals and conduct research, to support and improve 
Defense systems acquisition program rnangement."(J) 

The Defense Syst<:>rns Management College 
(DSl\lC) is located in five, three-story buildings and 
includes a 400-seat auditorium on Fort Belvoir, Va., 
20 miles south of Wa~hington, D.C. Sixty civilian and 
militarv facultv members conduct the courses. Their 
eftorts. are c0;nplemented by guest lecturers from 
government, industry, and the academic com
munities. 

The College pro~ram includes the 20-week 
?rogram :\lanagement Course, numerous short 
courses in specific functional areas, and several 
t:'xecutive-level cour~es. The courses are intended to 
introduce the student to the world of systems acqui
sition, and to prepare him to function effectively 
w:thin it. The content of each course is continuously 
monitored and altered, as necessary, to reflect 
changing real world conditions. New short courses 
are developed, usually in answer to the needs of a 
specific management group within the Department of 
Defense. The curriculum is upda~ed to keep abreast 
of current rnana~ement practices and to lead the 
development of new methods. Each faculty member 
maintains a close liaison with the military depart
ments, other educational institutions, industrY and 
bu~iness organizations, ?.nd professional societies. 

The environment of defense systems acquisition 
is an ever-changing mosaic of requirements, 
budgetary constraints, technological capabilities, and. 
political and strategic considerations. Preparing the 
manager to deal effectively within this environment 
requires a dynamic educational program that blends 
abstract concepts with real world experience. The 
courses offeree by DSMC are designed to respond to 
this need. (2) 

Program Management Course 

The cort> of the DSMC program is the Program 
Mangement Course (PMC). It is attended by military 
and civilian students from all services, as well as 
representatives from defense industry. The PMC is 
offered to 200 students twice a year and includes 
courses in the functional arc.'l of program manage-
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rnent: business, technital, organizational, anrl policy. 
To achieve integration among the various functional 
courses, a series o{ management case studies and 
computer-based decision exercises are utilized, 

PMC Students 

The Program Management C0urse is generally 
restricted to military offic<>rs in grades 0-3 to 0-5, 
DOD civilians in grades GS-11 through C <;- l 4, and 
industry personnel identified by their companies as 
candic'ates for senior management positions. These 
are the norms, but requests for exceptions are 
reviewed by the DSMC admission committee. 

In addition to meeting gr;,de requirements, 
Pi\1C students must be DOD persol'nel whv occupy-
or who have been selected to occupy--intermediate 
management positions in program offices, functional 
offices supporting program offices, or in higher
echelon offices supervising pro11nm management. 
Persons in equivalent program management positions 
in other federal agencies or defense industry are also 
selected to attend the Course. 

The typical Proeram Mangernent Cours-: 
student is male, married, and 38 years old. He 
averages 14 years of military or government civil 
service, and is a Major or a GS-12. A majority of the 
PMC student~ hold graduate degrees, and have from 
3 to 7 years experience in some a:.pe•'t of acquisition 
management. 

The School of System~ Acquisition Education, 
through four departments--Policy and Orr,anization, 
Technical, Business, and a multi-discipline, 
integrating Managf'ntent Laboratory--conducts ·the 
Program Management Course (Figure 1), as well as 
the short courses. 

POW'Y nEPAR TMENT 

o PROGRAM MANAC..EMENT 
o non POLICY 
o ~EilAVIORAL ~CIENCE 
o EI'I'ECTIVE COMMliNICA TION~ 

o Cl)NTR,O.CTS 
o GOVERNMEI';T F\INI)ING 
o INDUSTI!Y FINANCE 
o ESTIMA TING/CSCSC 

ENGINEERING I)EI',O.RTMENT 

SY\TEMS ENGINEeRING 
TESTING 

o PROnUCTION 
o L<.'GI~TIC' 

INTrGRATION DEPARTMENT 

o WSTE\1 CASE STUDIES 
o DECI~ION tXt'R :~ISE SIMUL,O.TIONS 
o STIJOt!~.r Ot.Ct~ll'N 1\P.IEiriN\.iS 

FIGURE I PROGR.AM MAN.I\GEMENT COURSE 



The !\cquisi tion .\1 an<:q?,ernent Labore: tory pro
vides exrericntial le~Jrnin~ oprortunities that 
integrate course material presented in the three 
functional departments.(') The m"dia used ir:clude n 
series of casC" studiC's covering the acquisiti0n life 
cycle of 3 wearon sy~tem, computer-based decision 
exercise simulations, .:tnci indiviclual student program 
rnJnagernent decision bricfinv,s. 

Svstems X consists of a series of inter-related 
case st~dies involving a hypothetical weapon system. 
The cases simulate the life cycle of a weapon system 
through the concert exploration, ciemonstratinn and 
valiriJtion, full-scale development, and pro
duct'iun/ :!~phvment ph;tses. System X provides a 
reJ.iistic bJ.se fclr tf1e -·c:s~t~ssion of typical problem 
ar:-::s encountered in program mand~c:-nrnt. Group 
( 5-I) incli\·iduals) ;:m:~lvs•"; of case material are m:>.rie, 
altcrn;Jtivcs are studit'cl, ,md ~' monagement position 
·:.'erivcd. The analvs•_,, arc followed bv section 
('+ r'roups) dis•_-ussions; lc:.td bv :l faculty ca~e leader, 
that ~tre intended to focu5 on the relevant issues and 
provide insig!.t to the best possi"lle course(s) of 
Jction. 

.Srudents work in h{'terogeneNIS groups designecl 
witlt student interaction in mind. They are not afraid 
to present their views .:~bout situations created in 
cases or simulations, and to get involved solving 
acquisition problems with classmates. 

L~·~CS!ON EXERCISES 

Students participate in a series of three 
Decision Exercises during the Program \\anagement 
Coursf'. The exercises attempt to simulate the real 
world environment of acquisition management. 

Concent 

The Decision Exercises emphasize issues and 
dile.TJmas concerning selected tasks possible in a 
program office during a phase of the acquisition. The 
student work group is asked to achieve consensus 
regarding decisions about these is~ues. 

There are three such exercises, each intended 
to reinforce the lessons and concepts learned during 
classroom lectures and seminar~, as well as System X 
cases. Decision Exercise I, for example, is a com
puter simulation paralleling the first six System X 
cases. The students establish a schedule of activities 
for the Concept Exploration p~ase of a weapon 
systems acquisition; then enter the schedule into a 
compu•er, and manage the acquisition of the weapon 
system; then enter the schedule into a computer, and 
manage the various activities as the system pro
gresses through the phase. Decision Exercise II 
addresses the Demonstration and Validation phase, 
with Decision Exercise Til addressing Full-Scale 
Development and Production. 

The desired learning objectives of the Decision 
Exercise are: 

o To enable the ~tudent to ohjertively 
an::>.lyze ctnd quantify the complex issues involved in 
weapons system acquisition. 
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o To provid~ an tJndt:rstundlf•!!, of the 
intN-rcl;.tionship ;Jmong orr,anizatk•n<; that play .:1 
role in ttl(' process. 

o T<' exercise the ~tudent to make tirnely 
decisions tha1 consider the complexities of these 
inter-relationships. (4) 

Purpose 

The first DIZ'cision Exercise simulates the Con
cept Exploration Phase activities from the submittal 
of the Justification for Major System New Starts 
(J.\ISNS) with the Program Objective Memorandum 
(P0.\1) to Milestone 1, the first meeting of the 
Defense System Acquisition Review Council 
(DSARC I). 

Decision Exercise I Overview 

The Decision Exercise is designed to be com
pleted within a six-hour period, with a minimum of 
instructor supervision. The first one and one-half 
hou~s._is devoted to an introductory lecture and group 
preparaUcn (Pre-Exercise Preparation); then four 
hours to run th•.: !1ccision Exercise program; followed 
be a half-hour for c~briefing and discussion. The 
introductory lecture covt•rs the desired .learning 
objectives, group organization, allocation of time, 
and homework required . 

The student's goal in this Decision Exercise is 
to get to DSARC I on time, within budget, and with 
the "best" concept(s) for continuation into the 
Demonstration and Validation phase. Throughout the 
simulation, the student team is faced with decisions 
'that impact on schedule, budget, and personnel. 
Decisions are required in all the major areas of 
concern to a program manager. 

lndi vidual Preparation 

Pri<'r to beginning the Decision Exercise, each 
student completes four activities outside of class. 
They are required to: 

I. Interpret the Justification for Major 
System New Starts (JMSNS). The student must select 
from a list of those factors they believe best describe 
the deficiency (Figure 2). The student group will 
weight each factor selected to the degree of relative 
importance. 
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FIGURE 2 PI.1SSIBLE EVALUATION FACTORS 

2. Prepare a Program Objective 
Memorandum (POM) input. For the purpose of this 
requtrement the student must submit a .5-year budg~t 
for his program. Resources made aval1.1ble to him 
are a cost estimating relationship (CER), a 
comptroller report, OMB Inflation Indexes, and an 
independent cost estimate (ICE). 

CEST AVAiLJ\BLE COPY 



3. Determine project office staffing require- 
ments, i.e.. the number and mix of military/civilian 
and technical/management personnel for trie phase 
(Figure 3). 

MGMT/TECH       MiL/CiV 

PROGRAM MANAGER/DEPUTY 
ENGINEERING 
CONFIGURATION MGMT 
TtST& EVALUATION 
LOGISTICS 
PROCUREMENT/CONTRACTING 
PRODUCTION/MANUFACTURING 
BUSINESS/PROGRAM 

CONTROL 

FIGURE  3   PROGRAM OFFICE STAFFING 

k. Schedule the major tasks and activities 
from the beginning of the Concept Exploration Phase 
until Milestone 1. The activities in the phase have 
been organized into 17 different tasks, some indepen- 
dent, and some dependent on others. Students are 
askeci to organize and schedule these tasks and 
activities, '.hen respond to prompting oi leading 
questions, ranging from establishing and staffing the 

program     office 
(Figure k). 

tö    pr« paring    for     the    DSARC 

Group Pre_par_ation 

In preparation for the simulation, students 
participate in a sample computer simulation exercise 
•'•^signed to acquaint them with the use of the com- 
puter terminals, available commands, ana situations 
of the type to be expected. Immediately following, 
students art squired to achieve concensus on the 
four areas They prepared--staffing, tasks, 
interpretation oi the 3MSNS, and the POM. This 
forms the basis for the group input at the beginning 
of the exercise. 

The Exercise 

When the exercise begins, a 3M5N5 for a Long 
Range Peneti ator has been approved by tne Secretary 
o' Defense and the students have been assigned as 
"joint" program managers. They already have been 
given office space, hired secretarial lielp, and have an 
initial staff of five military personnel (2 managerial 
and 3 technical).   The initial guidance is to determine 
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FIGUPE  »  DECISION EXE'-'CISE ACTIVITY SCHEDULE 
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the best solution to satisfy the documented 
deficiency. The DSARC is scheduled !8 Months irom 
the start time. 

The distinction between military and civilian 
personnel staffing is made to simulate the time ai.d 
cost associated with staffing a project office. Each 
task to be accomplished requires a preset number of 
one of those specialties (Figure k). Prior lectures and 
seminars will Kave given the students an idea of what 
might be required, in terms of people, for each task. 

For the purpose of the exercise each team is 
given a project budget and an initial allocation of 
funding for outside support, e.g. contractors, govern- 
ment labs, or outside agencies. The student team is 
first asked to enter their schedule of tasks and 
activities into the computer. Next, a particular task 
is selected by the student team; the simulation will 
either provide information, request a decision, or 
pose a problem. The simulation determines the 
number of days required to complete the team's 
selected action. The clock for that task is then set 
ahead bv a specified number of days, dependent on 
the action taken. No further activity can take place 
in that task until the simulation moves forward to 
that time period. 

For example, the task Establish and Staff Pro- 
gram Office is initiated early in the simulation. 
Students are informed of the personnel cost and time 
delays involved in staffing the program oil'.- e with 
military and civilian personnel. The simulation asks 
for the number of military and civilian personnel the 
program manager wants. The team, through its 
response, is advised of the number of days that will 
be required bv headquarters for processing approval 
of the personnel requests. 

Sample Print-out 

Establish and Staff Program Office 

Your program management office 
(PMO) is in the orocess of beim* 
organized. Your present staft consists of 
five military personnel. They are your 
technical advisor, two technical as- 
sistants, and two management assistants. 
At this time you should determine addi- 
tional staffing requirements (exclusive of 
secretarial helr>) up to Milestone 1. Once 
the staffing requirements are determined 
you will be required to submit a personnel 
request. Your budget expenditures for 
civilian personnel will be $32K per person 
per year. There are no budget costs for 
military personnel. Civilian personnel re- 
quested may begin arriving in as little a' 
two weeks. Militarv personnel will be 
assigned within six to ten weeks after 
they are requested. At this time you 
should have vour staffing plans lor this 
phase firm. 

You may now enter your personnel 
request. 

The program asks the s.tuJent team to respond 
to prompts with the numbers of military technical, 
military management, civilian technical, and civilian 
management personnel they want to request. The 
next question provides them with an opportunity to 
correct their request. 

nie yuu atuoiK-v,  ...... —   ,— 
numbers you entered? 

Respond yes or no. 

If they respond "no," the students are given an 
opportunity to revise the numbers of personnel 
entered earlier. If they answer "yes." the next 
question is displayed: 

Your staff has prepared a personnel 
request to be sent through appropriate 
channels. A response to this request is 
expected within a month. To send the 
request press "Return." 

The student is then advised of the number of 
working days until Headquarter's review of the per- 
sonnel request will be completed, at which time the 
following message is displayed: 

Your personnel request has been 
processed and the following numbers of 
civilian and military personnel have been 
approved: 

The numbers of pet sonnel approved in each 
category are displayed, along with civilian personnel 
costs for the next 18 month". These personnel costs 
are deducted from the approved budget.(5> 

Equipment 

There are 16 classrooms equipped for the 
Decision Exercise simulation; six students are 
assigned per room. Each simulation room contains 
.vo 1200 BAUD Hazeltine Executive SO Model 
30 "smart" CRT's with keyboard terminals, and one 
Centronics Model ?0'~r impact prmter. The terminals 
are configured so that either keyboard may be used 
to respond to the prompts from the program. All 
three devices (2 CRTs and 1 printer) display/print 
information simultaneously. In addition to the equip- 
ment in each simulation room, lou( terminals ann 
printers are available in the faculty observation 
center. Each terminal can be used to remotely 
monitor student operations in any of four classrooms. 

The Defense Systems Management College is 
currently under contract to the McDonnell Douglas 
Automation Company (MCAUTO) time-sharing 
system h St. Louis, Mo. A CDC Cyber 175 computer 
is utilized. Euch Decision Exercise occupies 40-5QK 
words of core memory; the program is written in 
FORTRAN IV. 

Student Team Organization 

The student team is advised to regularly 
alternate terminal operators and not to center group 
discussion activities around the terminal. It is also 
recommended that one member keep track of the 
progress of the Decision Exercise tasks so the group 
can anticipate which ones to proceed to next. The 
faciliatators role during the exercise is essentially a 
passive one; he monitors the progress of each group 
and may stimulate discussion, but he does not get 
involved in the decisions. 

Debriefing 

The student team log file contains a history of 
the interaction between the student and the system 
during the running of  the Decision E. «reise.    It is 
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designed to provide the instructor with a summary ox 
the completed exercise; it may be accessed whenever 
the student group has logged ofi the terminal. It 
records the actual and ideal start and finish dates, as 
well as elapsed time. A log is maintained of the 
budget and personnel used by the student'team com- 
pared with the ideal. .Additionally, student decisions 
m?.de on kev questions or problems which affect co:>t, 
schedule, or technical performance are recorded. An 
opportunity is provided for students to list comments 
directlv from their terminal as the exercise 
progresses. The informaTion in the log f;,e is used bv 
the instructor to debrief the student team. In the 
debriefing the student team is given L.-edba(_.< on how 
well thev did in the exercise. 

Defense       Systems       Managern« t       College, 
Student Guide for Decision Exercise 1 
(Ft.~~B~elvoir,   Va.:     Defense   Systems   Manage- 
ment College, 1981), p. 1. 

Defense Systems Management College, 
Instructor's Guide for Decision Exercise 1 
(Ft. Belvoir, Va.: Defense Systems Manage- 
ment College, 1981), p.p. WML 

Malcom P. McNair, ed., The Case Method at 
the    Harvard    Business    School,    (New    York: 

1954), McGraw-Hill 
pp.12-13. 

Book    Company,     Inc., 

CONCLUSION 

Based on our experience in conducting case 
studies and decision exercises at the Defcise Systems 
Management College, we have found that students 
encounter a classical dilemma. They usually pass 
through the phase of (1) being overwhelmed initially 
by case study and decision exercise material, 
(2) realizing that one must pool efforts with con- 
temporaries in order to succeed, and (3) eventually 
coming to the conclusion that the student has as good 
an answer as the instructor.^) Students leave the 
Defense Systems Management College having 
improved their skills through functional instruction, 
as well as by experiencing the weapons svster., 
acquisition management environment through 
realistic case studies and decision exercises. 

ABO' IT THE AUTHOR 

George R. McAleer, ."Jr., is Director of the 
Acquisition Management Laboratory a* the Defense 
Svstems Management College, Fort Belvoir, Va. He 
has been a program manager in both military and 
industrial environments, and spent several years as an 
Air Force program manager with the Electronic 
Svstems Division. A significant part of his industrial 
program management experience has been in the 
defense sector with Fa.rchild Industries, 
Carborundum Company, and Gr^ve Manufacturing 
Company, a division of Walter Kidde. Mr. McAleer 
has been Associate Professor of the Frostburg State 
College Center for Management Development, a 
graduate business school. He holds a B.S. degree in 
engineering from the U.S. Naval Academy, and an 
M.S. degree in management from Rensselaer 
Polytechnic Institute. 

5 

M 

Defense Svstems Management College, "Overall 
OSMC Mission," DSMC Management by 
Objectives/Results (Ft. Belvoir, Va.: Defense 
Systems Management College, 19S2), p. 1. 

Defense Systems Management College, "The 
Academic Program," Defense Systems Manage- 
ment College I9S2 Catalog fFt. Belvoir, Va.: 
Defense  Systems  Management  College,   1982), 

Benjamin   S.   Bloom, ed..   Taxonomy   of   Edu- 
cational   Objectives. Handbook h 
homatn"T\.Y.; 
p. IS. 

 Cognitive 
David McKav"Co.. Inc.,  195KT, 

457 



RHFLAG SIMULATION: DEVELOPMENT OF AN INTERACTIVE, HIGH THREAT C0M3AT ENVlKUNMtm 

O 

^V^ Mr. Clarence W. Stephens, Computer Spec,al ist 
Mr. Thomas M. Dickens, Singer Company 

yp-i Ms. Patricia A. Widder, Computer Specialist 
r  ' Capt Raymond L. Sheen, Aerospace Engineer 

Air Force Human Resources Laboratory 
Williams Air Force Base, Arizona 85224 

ABSTRACT 

"Flight simulators are  being used to an c-/er greater degree to train combat related 
skills. The Air Force Human Resources Laboratory (AFHRL) has been tasked with determining 
the effectiveness of simulator training and providing guidance as to how to train for combat 
in a simulator. In order to provide these answers, high fidelity, realistic combat simulation 
mus+ be accomplished. Using the Advanced Simulator for Pilot Traininq (ASPT), techniques 
have been developed for the generation of realistic combat environment scenarios. These 
techniques were used to develop an environment that closely models the Tonopah range at 
Nellis AFB, Nevada, a range that is often used for REDFLAG exercises. Advanced database 
modeling techniques were used to create the geographical features, cultural features, and 
provide low-level cues utilizing the maximum capability of the ASPT image generating system. 
The environment had numerous threats including surface-to-air missiles and anti-aircraft 
artillery. The pilot could interact with this environment in the-same manner that he would 
interact with a rea1 combat environment. Through the use of Radar Homing and Warning System 
(RHAWS; and the visual environment, th^fbslot could determine the location of potential 
threats md targets. The pilof could attack and destroy any target or threat within the 
environment and he could be "killed" by any threat. The environment simulation techniques 
that have been developed are ^jery  flexibjle and therefore the REDFLAG simulation can be 
quickly adapted to provide new scenarios* 

C 

INTRODUCTION 

There is a critical need in the Air Force 
for realistic combat training. Studies have 
shown that if an aircrew member can survive his 
first 10 flights in the combat environment, his 
chances of survival are dramatically increased. 
These first 10 sorties represent the learning 
phase for the combat pilot. The Air Force- 
currently trains pilots in combat skills through 
the various exercises that take pluce each year. 

There are certain inherent disadvantages to 
these exercises. First, there is the loss of 
pilots and aircraft due to accidents. Second, 
there is a tremendous cost associated with 
conducting the exercises. Third, only a small 
percentage of the operational pilots get an 
opportunity to compete in an exercise at any one 
time. And last, the exercises do not constitute 
a continuous training but rather an occasional 
test of previously acquired skills. Flight 
simulators are not faced with these problems; 
however, the simulator has been faced with the 
problem of developing a realistic combat 
simulation. 

Engineers and Behavioral Scientists with 
the Air Force Human Resources Laboratory at 
Williams AFB, Arizona, have been investigating 
the simu.ated combat environment. The primary 
tool used in this work has been the Advanced 
Simulator for Pilot Training (ASPT) located at 
Williams AFB. The ASPT has two cockpits, an 
A-10 and an F-16. The A-10 was used "or this 
project. For details on the ASPT A-10 
simulator, see Appendix A. As the focus of 
research being performed on the ASPT has shifted 
to the area of combat skills, techniques have 
been developed that allow for the simulation of 
realistic combat environments. The simulated 

REDFLAG described in this document was the first 
application of these techniques in direct 
support of simulator combat training research. 
The scenario chosen for the REDFLAG research 
stuoy was compar^ie to a mission the object 
pilots flc:rt at an actual REDFLAG exercise. The 
ir.i.ention of the study was to collect data that 
would provide a means of determining if there 
was a correspondence between the subjects' 
performance in a simulated REDF: \G mission 
profile and their performance in the actual 
REDFLAG exercise mission. 

VISUAL ENVIRONMENT 

Simulated environments are flat earth 
models of either real or imaginary places. Real 
terrain features such as mountains, dry lake 
beds, roads, and streams are  depicted in 
abstract form in the simulated visual 
environment. Mountains are depicted by prisms 
shaped to correspond to the general contours of 
the real mountains they are intended to 
represent. Dry lake beds and fields are 
simulated by irregular areas of contrast on the 
ground's surface and are not associated with a 
change in elevation. Currently, roads are 
always composed of straight segments; curves are 
very expensive in terms of the image generation 
resources required to depict them. 

The REDFLAG visual environment is a 
simulation of one of the Nellis Air Force Base 
ranges located southeast of Tonopah and 
northwest of Las Vegas (see Appendix B). Figure 
1 is a partial Tactical Pilotage Chart of the 
area. Figure 2 is a nap of the simulated visual 
environment ^ith the locations of the targets 
indicated. The environment modelled induces 
command and control posts depicting real sized 
radar units, SAM and AAA sites, and tank 
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to fly a port'-r' of his mission in the low 
alti'.ule ^egime (see Appendix C). The vertical 
objects p»ovide adequate visual altitude cues 
and Co  not exceed the displayable eage 

Tactical Pilotage Chart 
Figure 1 

O Mountain 
- Road 
^ Dry Lake 

SAM Threat 
Figure 3 

limitation. A continuing problem is getting t!.e 
maximum number of cues using the least number of 
computer edges. Efficient 3-D cues, each having 

AAA = Anti-Aircraft Artillery 
CP = Command Post 
FT = Friendly Tanks 
SAA = SAM Type 1 
SAB = SAM Type 2 
SAC = SAM Type 3 
TG = Tank Group 

Map of the Visual Simulation 
Figure 2 

formations. Figure 3 is the visual simuletion 
of a SAM. Mgure 4 is the visual simulation of 
a Russian tank. 

These vehicles are surrounded by a sea of 
ranuom shaped rock-like objects, each 50 feet 
high. The REDFLAG scenario requires the pilot 

Russian Tank 
Figure 4 

six edges, were used. The REDFLAG task required 
the pilot to maneuver his aircraft over a large 
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area of ground. The vertical cues are placed in 
areas that would be used for ingress, egress, 
and threat evasion, and d.re  placed 2000 feet 
apart, give or take 25%. Making the average 
spacing 2000 feet enabled the objects to cover a 
large area. The 2b% variation is used to make 
the objects appear randomly positioned. 

Finding a target using the 6 arc-minute 
ASPT visual system is a problem when the target 
is the size of a tank. The level of detail 
feature is used in an effort to correct this 
problem. When approximately 2-1/2 miles from a 
tank, the least detailed version becomes 
active. At about 1-1/2 miles, a more detailed 
version replaces the least detailed version. 
The most detailed tank becomes active at about 
one mile range. The least detailed version is 
made twice the size of a regular tank. The 
intermediately detailed version is 50% larger 
than an actual tank. The mosi detailed version 
is realistically sized. The other vehicles in 
the environment are handled the same way. The 
less detailed versions use fewer edges. This 
procedure made the targets large enough to be 
located from a somewhat realistic range. 

viewpoint was carefully considered to see that 
the maximum number of displayable edges were 
being used. The visual environment simulation 
operates synchronously with a set of threat 
simulation programs. The pilot is able to 
locate and kill a target while, at the same 
t4me, the target might kill him. 

Aerial View of Simulates Environment 
Figure 5 

The basic ground is a medium gray while 
mountains are shaded darker. Targets are 
generally medium aark. The vertical altitude 
cues and the roads are very dark. Dry lake beds 
dre  depicted using a gray shade that is lighter 
than the ground. Figures 5 and 6 are views of 
the simulated target area. At any given time, 
the environment will use approximately 150 edges 
for mountains, 50 for dry lake beds, 50 for 
roads, 500 for vehicles on the ground, 100 for a 
SAM inflight (there can be up to three visible 
at arty time), and as many of the remaining edges 
as possible on the 3-D vertical visual cues. 

The environment is modeled to depict 
accurately the actual REDFLAG area as nearly as 
a 25GO edge capacity permits. Every potential 

Aerial View of Simulated Lnvironment 
Figure 6 

THREAT SIMULATION 

The programs which drive the threat 
simulation require information which describes 
the threats' environment in a fashion consistent 
with the manner in which they operate. Any 
specific threat site has its own perspective and 
experiences the environment only in terms of 
what it can "see" from its point of view and 
within its capabilities. 

In the "real" world, threats "see" their 
environment through the information brought back 
via returning radar signals, infrared signals, 
or visual line of sight depending upon the 
system. In the simulator, this information must 
be provided in an entirely different way. Since 
the programmer knows where the threats are in 
the environment, the areas each threat will be 
abie to "see" can be predetermined, given the 
known capabilities of the threat.  In combat 
environment simulation, the limits of what each 
threat site is able to "see," i.e. its horizon, 
is defined in ter...s of two parameters called the 
maximum effective range and the minimum look 
angle. The meaning of maximum effective range 
is readily apraront, but what is meant by 
minimum look angle requires some explanatior. 

The minimum look angle is found by 
determining the angle of elevation (measured 
from the ground up) below which a threat would 
not receive meaningful information. Two types 
of factors influence the value of this minimum 
look angle: system induced limitations and 
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terrain induced limitations. System limitations 
include the mechanical limits of the antenna 
scan and its susceptioi1ity to ground return. 
Terrain limitations are imposed by the proximity 
of mountains to the threat site. The presence 
of a mountain within the line of sight increases 
the minimum look angle for all ranges beyond tne 
mountain in that sector. 

To define the horizon for each threat site, 
a polar coordinate "grid" is centered at each 
site. Fach sector of the grid is bounded on the 
left and right by azimuth radials and the near 
and far side by concentric range rings. A 
single valu2 for the site's minimum look angle 
is assigned to each sector of the grid. This 
requires that when a mountain contributes to 
only a part of the sector, its contribution is 
averaged on a proportional basis before 
determining what look angle value tu assign to 
the entire sector. 

The accuracy of the horizon defined in such 
a fashion cepends on the interval between sample 
points along the horizon. Here a compromise 
must be reached between the simulation's realism 
and the available simulator resources. If a 
very small interval is chosen, the fidelity of 
the model is ve^y good but the computer memory 
required is very large. Combat simulation 
requires that the correspondence between the 
visual environment and the threat's horizon 
defining data be close enough to allow the pilot 
to employ terrain masking in threat avoidance. 
Since the aircraft is in constant motion, it is 
possible for an approximation of the threat's 
horizon to suffice without losing realism. 

TEDM SCORING 

 j 
::x~ 

GCI 

SAM 

"f 
CM 

AAA 

_4 _L- 
RHAW 

U- 

Threat Simulation Module Structure 
Figure 7 

The threat simulation software is organized 
into a series of modules (see Figure 7) each of 
which perform« a characteristic function. This 
structure allows easy modification of the method 
of implementing a particular function without 
necessitating that large portions of the 
supDorting software be rewritten. What follows 

is a discussion of the basic functions and 
methodology of the majo~ modules. 

Since the threat horizon data are deter- 
mined oy location in a specific visual 
environment, it is convenient to piace these 
data in a separate module. This is the sole 
function of the Threat Environment Data Module, 
TEDM. TEDM is an interchangeable module which 
contains all data that could be interpreted as 
scenario dependent. This includes the location 
data for each threat in the visual environment 
and sofiw of the data determining the operational 
characteristics of the threat as well as the 
threat horizon defining data discussed ahove. 
This arrangement allows the threat simulation to 
be adapted to another combat scenario with 
minimum difficulty. 

The logical heart of the threat simulation 
is the Ground Control Intercept (GCI) module. 
It uses data provided by TEDM and parameters 
defining the aircraft's location in space to 
dete-mine which threats can "see" the aircraft. 
This is accomplished by calculating the bearing, 
range, and look angle from each site to the 
aircraft's current position and comparing them 
to the stored data that define the radar horizon 
for that site. As previously mentioned, the 
effect of local terrain is incorporated in the 
radar horizon data for each site. If the pilot 
approaches the threat using terrain masking, 
i.e., maintaining low altitude and/or keeping 
mountains between the aircraft and the threat, 
it is possible to get quit«3 close to the threat 
without its becoming active. This capability is 
essential to realistic air-to-ground combat 
simulation. 

Orce the look angle test is satisfied, the 
threat site is activated. Threat activation 
consists of making an entry defininq the nature 
of the site and its status in an array located 
in common memory. Data entered in the array 
tell all the user programs the status, 
location, and types of sites that are active. 
The nature of the data entered in the active 
threat array depends on the type of site. 
Basically each entry contains only data which 
are needed by user programs to drive the threat 
models. S'te type and location are data that do 
not change within a given scenario; however, 
site status is highly time dependent. 

A subsidiary function of GCI is the 
invocation of user programs in the proper 
sequence. Each user program may modify the data 
stored in the active tnreat array to further 
prepare it for use by other programs 
downstream. This is consistent with the modular 
concept by keeping all functions in the most 
appropriate module. For example, GCI will set 
the status of the Surface-to-Air-Missile site in 
either acquisition or track and will determine 
which of two otherwise equally active sites 
should be given priority for launch. It then 
lets the appropriate subroutine in the 
Surface-to-Air-Missile (SAM) module determine 
when to actually launch the missile from the 
site GCI has selected. 

Once all sites have been checked, control 
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passes to the countermeasures (CM) module. It 
checks for release of chaff and/or flares, then 
determines the effectiveness of the counter- 
uearure selected. Effective countermeasures 
influence the operation of the SAM or Anti- 
Aircreft A-tillery -.AAA) mod les by denying 
updated aircraft position and velocity vector 
data. Countermeasure effectiveness can be 
varied in many ways depending on the 
requirements of the research or training. In 
the REDFLAG simulation only chaff was available 
and each chaff release provided 3 seconds of 
effective chaff. 

Upon completion of execution of the 
countermeasures (CM) module 6CI calls the SAM 
module. Actually the SAM module consists of a 
series of subroutines eajh of which is 
responsible for driving a model of a particular 
type of surface-to-air missile. All surface-to- 
air missile systems are currently modeled in the 
same manner, i.e., the basic structure of the 
subroutine is the same for all models. However, 
each model uses different values for critical 
parameters such as maximum speed or turn rate so 
that the performance of the model reflects the 
capabilities of the system it represents. 

Each SAM subroutine performs the same basic 
functions. First it searches the active threat 
array for threats of its type. Then it checks 
the status of each threat found. For threat: in 
the aquisition mode no further action is 
necessary. For threats in the track mode the 
subroutine attempts to align the missile with 
the line of sight to the target aircraft. Once 
the missile is aligned it is launched and the 
subroutine guides it on a course intended to 
intercept the aircraft's flight path. While the 
missile is in flight, the subroutine continually 
checks the missile's proximity tu the target to 
detect the moment of closest apprccch. It is 
assumed the warhead will detente at closest 
approach. The distance sep.v ating the n-'ssile 
and the aircraft at closest approach, i.e., the 
miss distance, )J compared to the kill radius of 
the missile warhead to determine if the aircraft 
has been destroyed. 

Each subroutine in the SAM module is 
capable of handling several different threats of 
its type simultaneously. An exception is that 
only one missile of each type is allotted to be 
in flight .it a time. This restriction is a 
result of the manner in wnich the REDFLAG 
threats vere simulated. In the simulated 
REDFLAG three moving models were used to 
represent inflight SAM missiles; one dedicated 
to each type of missile modeled. 

After tne SAM module has executed GC1 calls 
the AAA module. In the simulated REDFLAG, time 
elapsed since the aircraft came over the 
threat's horizon is the primary criterion 
governing operation of the AAA. A couple of 
seconds must pas: before a site will recognize a 
target. Then a few more seconds will pass 
before the site will begin firing. A kill is 
determined by the amount of time the aircraft 
remains in the AAA firing envelope. 

Both the AAA and SAM threat modules respond 
to evasive manuevers performed by the pilot. 

The SAM module subroutines react to aircraft 
manuevering when computing target intercept 
guidance and can be out-manuevered. The time 
required by AAA to kill the aircraft can be 
increased if the pilot executes a high-G turn 
while receiving fire. 

The last module called by GCI controls the 
in-cockpit Radar Homing and Warning 'RHAW) 
display. The RHAW informs the pilot of his 
exposure to threats using data supplied by the 
GCI, SAM and AAA modules via the active threat 
array. For the REDFLAG simulation a generic 
RHAW display was provided. Each active threat 
was shown on the face of the instrument at a 
clock position consistent with its bearing 
relative to the aircraft. The status 
(aquisition, track, etc.) and type (SAM or AAA) 
of each threat m±  indicated. However, no 
information indicating the highest priority 
threat or the specific kind of SAM was 
available to the pilot. 

The results of the pilot's weapon attempts 
against targets are determined by the SCORING 
module. The SCORING module runs independently 
of CCI, but information id ntifying killed 
threats is communicated to GCI by scoring so 
that killed threats are deleted from the 
scenario. The REDFLAG visual environment 
contains numerous scorable targets. The scoring 
module must determine which of the possible 
targets the pilot is attempting to hit and 
report the results. To reduce the amount of 
processing required, a list of potential targets 
is "ormed from all those possible during the 
time between weapon releases. Potential targets 
satisfy three criteria: 

1. They have not been killed previously. 
2. They are in front of the aircraft. 
3. They Are  relatively close to the 

aircraft. 

When a weapon attempt occurs, SCORING 
selects the target closest to the weapon impact 
point from the list of potential targets as the 
target the pilot intended to hit. If the weapon 
attempt was a strafe pass, the miss distance 
relative to the target center and the clock 
position of each round is computed. The miss 
distance is used to determine if the round was a 
hit. At the completion of each strife pass, the 
number of hits, total rounds fired and the 
distribution of rounds fired is provided on a 
CRT display legated st the simulator operator's 
control console. For bomb releases miss 
distance and c'ock position dre  calculated aiu. 
displayed. 

The kill criterion in effect f<y  the 
simulated REDFLAG was one strafe hit killed any 
target. A hit was defined as a round passing 
within b  feet of target center. A bomb 
impacting within 150 feet of any target would 
jlso qualify as a kill. 

CONCLUSION 

Effective combat simulation could provide 
the pilot with the opportunity to learn, 
practice, and improve his combat skills in a 
safe and cost-effective manner. The methodology 

f 
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outlined in this paper significantly contributes 
to the capability to conduct research to 
determine what constitutes effective combat 
simulation and could provide the framework for 
operational simulator combat training. 

APPENDIX A 
ASPT/A-10 Description 

The Advanced Simulator for Pilot Training 
^ASPT) is a research simulator originally 
designed with a full mission T-37 capability. A 
detailed description of fhe original uevice may 
be found in Gum, Albery, and Basinger, 1975 
(AFHRL-TR-75-59). One cockpit has been modified 
to represent an A-10 configuration while the 
other cockpit has been configured as an F-16 
aircraft. Neither of the modified 
configurations has full mission capabilities. 
Both systems were designed to have necessary 
cockpit and aerodynamic capabilities to support 
transition flight tasks such as takeoffs, 
approaches and landings, basic navigation tasks, 
and conventional ir-to-ground weapons delivery 
tasks. Both cockpits are  being continually 
modified to expand the capability for combat 
simulation and morj closely simulate actual 
aircraft capabilities end  characteristics. 

The following is a description of the 
ASPT/A-10. The visual display is a 
monochromatic computer gene, ated image displayed 
throuoh se en CRTs with a 300° horizontal by 
+110°'verticil field of view. The ASPT/A-10 
also has a field of view of -200 over the 
nose, -400 over the left side, and -150 over 
the right side. There is a "G" seat/suit 
capability. The cockpit layout was designed to 
duplicate the aircraft in most major respects. 
Aircraft aerodynamics provide normal slight 
characteristics throughout the aircraft envelope 
nd Con provide characteristics for the Manual 

Reversion Flight Control System. The 
aerodynamic model does not account for weapon 
neight or station number but does account for 
weapon drag. All flignt and engine instruments 
ire  operable, including the HSI. Ccmmunicatiors 
nanels are static mock-ups. The HUD provides 
display^, for manual strafing and bombing. The 
weapons modeled on *he A-10 are the BDU 33 and 
the 30mm cannon at the high rate of fire. 

APPENDIX B 
AS°T Visual System Description 

The Advanced Simulator for Pilot Training 
(ASPT) Computer Image Generation (CIG) system 
stores the visual environment, defined in a 
three-dimensional reference system, in computer 
meiiiory. The uata are then retrieved and 
proiected as a perspective in.aqe on a series of 
seven, 36-inch 1024 by 1024 CRTs. 

Visual database modeling is the art of 
de: using and storiny the visual environment as 
numerical data in computer memory. Maps, 
photographs, <*nd scale drawings art used as 
source data. 

The CIG is composed o; vertices defined 
mathematically in 3-D space. These vertices ar' 
connected bv edges. The edges dre  used to make 
faces. The faces are assigned a gray shade and 

used to make 2-D or 3-D objects. The objects 
d.re used to construct models. The models are 
then put together to m?ke the environment. 

There are many 'imitations on the modeling 
of the visual environment. Faces must be convex 
with their vertices in the same plane. A face 
may have up to 16 vertices. An object may have 
at most 32 vertices and 16 faces. Models can 
h:.ve no more than 15 objects. In a visual 
environment there may be at most 300,000 ed^es, 
40,000 objects, and 2000 models. The real-time 
visual system can display at most 2560 edges, 
512 objects and 200 models in the frame time of 
1/30 second. 

The visible edges per system limitation are 
usually encountered first. Because of extra 
edges generated when edges cross window 
boundaries, the effective maximum edges used to 
make a visual scene should not exceed 2000. If 
the edge limit is exceeded, undesirable visual 
?ffects, such as priority problems and portions 
of the scene flashing in and out, occur. 

The ASPT visual system allows three levels 
of detail per model. The switching distance 
from one level to the next is a function of the 
aircraft altitude above ground, the distance to 
the center of the model, and the size of the 
model. 

ASPT uses shades of gray for painting the 
displayed faces. The scale goes from 0 (very 
black) to 63 (very white). 

APPENDIX C 
Low Level Modeling Considerations 

Lack of adequate visual scene detail limits 
the usefulness of the Advanced Simulator for 
Pilot Training (ASPT) computer image Generation 
(CIG) system for simulating low level flight. 
The visual environment modeler should optimi.e 
existing capabilities to compensate as much as 
possible for the lack of scene fidelity to 
better provide for the low level task. 

Both ground texture patterns and vertical 
objects are used as primary visual cues by 
pilots in judging aircraft altitude above the 
ground. Ground texture patterns must be quite 
intricate in order to be effective. They 
therefore use a large number of computer graphic 
"edges." Ground texture can be used effectively 
without overloading the computers if a preset 
flight path is adhered to by tne pilot. 
Vertical cues are  mere effective in a situation 
where the pilot is not required to fly a 
pre-defined flight path. These vertical objects 
provide a better altitude cue than a ground 
texture pattern composed of the same number of 
edges. A vertical cue can use as few as six 
edges. The cues are  usually made much taller 
than they dre  wide to enhance their vertical 
appearance. These cues can be put throughout an 
environment up to the ooint of edge overload. 

Environments can oe set to work quite 
efficiently for a low level flight with models 
becoming active and inactive in i way that the 
system's edge limit is always being approached. 
The distance <*t which a mouel becomes active and 
then switches levels of detail is a function of 
the aircraft altitude and  distance from the 
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center of a model and the size of tfo« model. 

If the pilot must raise his altitude to 
turn or make a run on a target, the increased 
altitude can cause too many models to become 
active and thus overload the system. Under 
these circumstances, a trade-off must be .round, 
usually by trial and erro<". 
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ABSTRACT 

Embedded simulation embraces the concept of using the real vehicle, artifically stimulated in 
a controlled manner, for the purpose of training operators in the use of the vehicle equip- 
ment. All the advantages of a controlled training environment, safety, malfunction training, 
etc. associated with dedicated simulation apply, together with greatly reduced capital costs 
and added operational flexibility. .-'The paper describes TRIAD, a prototype simulation ccmplex 
developed for helicopter pilot training that incorporates embedded simulation principles. 
TRIAD comprises three major components; a compute"-/link age/peripheral complex, an out-the- 
window CIG visual display system and a Bell 206 Helicopter, each integrated together to 
demonstrate the feasability of embedded simulation for pilot training while maintaining 
certification on the aircraft configuration. The total system is described and includes the 
technical approach, an assessment of achieved performance, cost summary and suitability for 
training applications. A description of the aircraft modifications is presentedtdetai1ing 
how they dre achieved without compromising aircraft performance, reliability, or availabil- 
ity. vJhe problems solved and lessons learned during this program are discussed together with 
an outline of future goa^ aimed at complete system simulation with minimum aircraft hardware 
adaptation.. 

INTRODUCTION 

The purpose of this study was to investigate a 
means of satisfying the training needs of Off- 
shore Logistics, a multi-type helicopter user and 
operator. In an environment whe^e costs and the 
risks to train in the actual aircraft have 
increased significantly, operators have utilized 
a variety of devices to enhance tneir training 
and safety programs in a cost effective way. High 
technology six -axis simulators have provided 
realistic flight training but dre very expensive 
and are not conveniently accessible to some seg- 
ments of the aviation industry. This is espec- 
ially true where several aircraft t.pes ire 
operated by or.e organization with the cost of 
purchasing several simulators being prohibitive. 

Embedded simulation is the concept of using the 
real vehicle that, when stlnulated in an appro- 
priate manner, provides the illusion of being 
operated in the real world environment providing 
the operator or pilot corresponding perceptive 
stimulus, and hence, training at reduced capital 
outlay. 

TRIAD is a prototype simulation complex that is 
the result of the combined efforts of Rediffusion 
Simulation and Offshore Logistics to produce a 
low cost training system which incorporates the 
sophistication of large simulators with realistic 
flight and visual cues. The helicopter is an 
ideal candidate to investigate embedded simula- 
tion concepts in that it is of relatively small 
size, contains simple aircraft systems and is a 
device that current flight simulators do not 
address. Helicopters are more difficult to learn 
to fly than fixed wing aircraft and it is 
believed that embedded simulation offers a safe 
and inexpensive approach to recurrent and 
abinitio training. 

TRIAD comprises three major components; a 
computer/linkage/peripheral complex, an out-the- 
window CIG Visual Display System and a bell 206B 
Helicopter, figure 1 shows the interior of the 
Bell 206 cockpit when configured for simulation. 
The portable instructor control unit, shown on 
theleft, employs a touch sensitive plasma display 
providing both input and output control, and the 
out-the-w;ndow scene is generated by the NOVOVItW 
SP3T CIG Visual system employing back screen pro- 
jection display techniques. 

Offshore Logistics, as well as being a major 
helicopter operator, also supports, maintains and 
modifies helicopters of all types and has the 
experience and expertise to design and implement 
interface adaptations that are necessary to arti- 

ficially stimuUte instruments and controls in a 
real aircraft cockpit. Rediffusion Simulation, 
for more than thirty years, has been manufactur- 
ing advanced flight simulators, utilizing real 
aircraft hardware that has been specifically 
adapted for use in a ground borne s imulater. 

The use of re*l aircraft system*, in a non-real 
environment demands special consideration. In 
particular, the effect of induced vibration on 
the engine and transmission when in a stalk con- 
dition 3nd its influence on operating life is of 
major concern. Because of this it was decided 
not to place T^IAD on a vibrating platform, but 
rather investigate other ways of providing the 
illusion of vibration, a necessary part of any 
helicopter simulation. 
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OG.JECT!VCS 

Tht' pr imc1ry objective i-; to be ah le to convert a 
crrtifird operational hellcopter into a full hiqh 
fidelity fliqht sirnulc1~or w~rile rnaintaining the 
curTent ilircraft ,1irwot"tiriness certification. 

r>rove th,1t embedded simulation has a prilctical 
aoplication in providing training capability in a 
cost t•ffcctive mannc:r by interfocing real air
craft hardwilrc to a simulation computing complex. 

£Jig~:!~ Employ a high fidelity generic hel
icopter flight simulation model with some adjust
ments to approximate the 13ell 20613 performance 
chMacteristics. Verification data will be 
obtain,:cl from 1 imited flight test ilCtivity on a 
Bel I ?OGA aircraft. 

Fliqht Controls. Install positional poten-
tiometer-s onthe throttle, collective, cyclic and 
,1nti-toroue pedals to obtain instantaneous pilot 
control movements. 

Engines and Rotor. Employ a representativt' 
model ot the 1\ llr son 250-C20 engine and rotor to 
pt·ovide approximate Bell 2068 installed perform
ance. 

i_~~~_I~~S!l_~ _ _5y~~~~ Prrr·;idP t,!t:(tr'i'di 
power, from an external source, to the ;Jin.r,Jf•. 
tlu_,('S simu!Jting U1e aircraft 'J''tr<:rdl•Jr, ;,atu,; 
and 400 H7 converter characteristics. 

_fiydraulic System. Provide hydraulic PO'<~"r 
~o the arrcraft from an external source whilr• 
interilctinq appropriately with enqrne hydraulic 
pump drive characteristics. Witr. "boost" on, 
provide the pilot with the Sdrne control "feel" as 
that experienced clurinq flight in the real air
craft. 

Nav~ion. Interact appropriately with NAV 
seleciTons lnthe cockpit (VOR, ILS, ADF) for 
selected real world r,cA facilities. 

Simulation Equipment. Employ proven soft-
ware and hardware srmulation technology. Use 
modular hardware interface systems to permit 
future expansion with minimal redundancy. Use an 
available, current state of the art CIG visual 
system, interfaced to the aircraft fuselage for 
maximum field-of-view Jnd have the flexibility to 
adapt to different aircraft types. 

Total Simulation Svstem Validation. 

Determine system viability by monitoring pilot 
performance, reaction, comment and acceptability 
of the embedded simulation configured aircraft as 
a training device. 

FIGURE TRIAD FROM A PILOTS POINT OF VIEW 
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Additional Objectives 

CIG Visual Display Techniques. Investigate 
optimum field-of~view/winduw placement, real 
image vs virtual collimated image presentation in 
relation to pilot eye height judgement (recogniz- 
ing that the display system must be readily 
adaptable to any helicopter winjow/fuselage con- 
figuration). 

Sound/Vibration. Investigate the effective- 
ness ~ÖT powerful sound stimulus as a means of 
introducing realism and low amplitude vibration 
corresponding to that induced by the transmission 
and rotor dynamics. 

ulation computing complex and CIG image generator 
<ir- located in an adjacent room measuring 2u feel 
by 20 feet. The display screens were oriented to 
the pilot side and provide a 48 degree vertical 
by 108 degree horizontal fiela of view. Figure 3 
shows the display screens in relation to the hel- 
icopter fuselage. 

Figure 5 shows the total TRIAD simulation system 
and the major lines of communication between sys- 
tem units. 

Simulator Computing Complex. 
tion computing complex compris 

Simulation/Aircraft Interface. Develop an 
for  rapid i nterface strategy that provides 

coupling while retaining complete aircraft inte- 
grity and safety. Adapting aircraft for full 
simulation use and return to operation should not 
exceed two hours. 

The TRIAD sim- 
ulation computing complex comprises current state 
of the art equipment and software designed and 
developed for modern day simulators operated by 
the major airlines throughout the world. 

EQUIPMENT 

Summary 

Figure 2 shows the layout of the helico;ter, the 
visual display, and the sound system in a room 
measuring 60 feet long by 41 feet wide. The sim- 

The major simulator computing complex units are: 

General Purpose Computer.  SEL 32/2750 by 
Gould Inc., S.c.L. Computer System Dtvfsion. 

Linkage Interface Type 1406 by Rediffusion 
Simulation Limited, England 

Sound/Vibration System By Labute Professional 
Sound. 

t IGUnt :     srffAD f tOu« I AvQi:' 
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CIG Visual System. The NOVOVIEW S-P3T Day/ 
Dusk/Night Visual System, by Rediffusiofl Simula- 
tion Inc. was chosen for the simulator-, not only 
because n is a day light sytem, but also because 
it provides textured surface effects. Helicopter 
pilot con*rolabi1ily depends to a large extent 
upon .he pilots ability Lo observe small aircrafr 
movements relative to the ground. Textured sur- 
fA-..ec will greatly enhance the perceptabi 1 ity of 
these small movements. 

Bell 2963^ The Bell 2%B (Jet. Ranger) is a 
single engine, land based, utility-type helicop- 
ter with a standard cor, iguration that provides 
for one pilot and four passengers. The main rotor- 
is a two-bladed, semi-rigid, see-saw type employ- 
ing preconing and underslinqirg to ensure smooth 
operation. The helicopter is powered by a model 
25O-C20 shaft turbine engine, manufactured by 
Allison Division of General Motors Corporation. A 
typical instrument panel has fewer than twenty 

indicators ar'i is VFR eguipped with single VOR 
and COMM capabi!ity. 

The helicopter configuration used tor TRIAD 
however, is 1FR equipped with Dual Nav and Single 
ADF by King Avionics, an Air Data Computer System 
by Intercontinental Dynamics Corporation, a 
Remote Attitude Indicator by Jet Electronics and 
Technology, Inc., and a full complement of elec- 
tronic driven engine instruments by Instrument 
Spec ia 1ities Co., Inc. 

Figure 4 shows the TRIAD instrument panel lay- 
out. A complete list of instruments and indica- 
tors are shown in the Table, Figure 6. 

All the instruments are electronically driven 
with the exception of the Turn and Slip Indica- 
tor. This aircra'": instrument is replaced by an 
electronically driven simulated instrument when 
the helicopter is configured for training. 

IGURE }     fRIAD DISPt AY SCREEN f IG' RE 4 TRIAD r,S7RUME\T PANE! 

I I;-.:*i. ,v\*i V   ■ ; .,; v* 
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INSTRUMENT          MANUFACTURER SIMULATION REqUI RED INTERFACE   COMMENT 
FUNCTION 

Remote Attitude JET Pitch and Roll 2 Synchro Drive Channels 
Indirator RAI 303A 

JET 
Attitude 
Drives Marker Vertical Gyro Aircraft Wiring Only 

VG 208 
IDC 

Flag 
Airspeed Airspeed Indicator 1 Analogue Output 

38610-004 
IDC 

±10 Volt dc 
Alttrailer Baro Altitude Dual Synchrodrives 
15790-202 

"IDC" "Täte of"" Vertical Speed None Part of ADC 
180138-950 Climb/Descent System 
A:r Data Computer IDC None None 
38620-001 
Standby Altimeter IDC None None Not 
31400 

" IDC '' 
Simulated 

Standby Airspeed None None Not 
36950 Simulated 
Turn and SIip — Turn Rate and 2 Analogue Outputs 

-10 Volt dc 
Simulated 

Indicator 
KING 

Sideforce Instrument 
Radar AUimiter Height Above 1 Analoque Output 
KNI 416 

KING"" 
Ground 0 to 30 Volt Amp Module 

Horizontal Situaticn Heading, CDI, Compass Drive Card 
Indicator (HSI) Glideslope 0-200 m  volt, 

L°calizer 5*100 m volt Current 
KNI 525A 

KING " 

Warring Flag Analogue outputs 
Discrete Output 

Source Drive 

Radio Magnetic Indicator Heading Slave From HSI 
KNI 582 VOR Bearing 16 bit Serial Data 

KING " 
ADF Bearinq 
DME Select 

Sin/Cos Analogue Output 
RNAV Receiver NAV Selected Course/ 
KNS 31 NAV Selected Frequency Board 

Course 
NAV/Comm Module KING None None Not 
KX 165 

~ KING" 
Simulated 

Comm Module None None Not 
KY 196 Simulated 
Audio Panel KING Audio Channel NAV & Radio Aids Boards M Beacons 
KMA 244 Select. I dent Keying X-Talk & 

Indicators _ 
Directional Gyro KING For HSI Aircraft Wiring Or^y 
KG 10.2 A 

KING " DME Rece;ver For DME Aircraft Wiring Only 
KR 63 

KING DME Indicator DME Ind DME Serial Data (40 Bit 
KOI 572 

KING Selected ADTTtation 
Format) 

Automatic Direction Finder Instructor 
KR 87 

KING" ' 
Input 

Marker Beacon Receiver Marker Lamps 3 Relays 
KMR 675 
Dual Tachometer INSCO Rotor & Turbine 

Speed 
2 Tacho Drive 3oards 

Nl (Gas Producer) INSCO Nl Speed 1 Tacho Drive Board 
Tachometer 

INSCO Fuel Qty Fuel Quantity 1 Analoque Output 
-10 volt, dc 
2 Analogue Outputs 

5707-3007 
Fuel Press Fuel Pressur/Load INSCO 

9016-3020 
INSCO 

Electric Load   
Enqine Oil 

1 OP Amplifier 
Engine Oil Temp/Press 1 Analogue Output 
9036-3023 Temp/Press Digital To Resistance Card 
Transmission Oil Temp/Pres-: INSCO Transmission ÜT1 1 Analogue Output 
9036-3024 Temp/Press Digital To Resistance Card 
Torque Indicator INSCO %  Torque 1 Analog-.t output 
4344-3048 5 * 0 to 100 m volt 
Turbine Outlet Temp INSCO TOT 1 Analogue Jutput 
5021-3001 Deq, C. 0 to 47 m volt 

IGliRF   6     IR!.*«D  INSTRUMENTS 
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·~ir·cr·c~tt Modific,ltion. In or'dt'r to rrescrvc 
inslr~lr:ri,-;I:C--,;·;~;·t.Tt'T{:-,Iti"(Jrl-;· norw of Uw aircraft 
instrtrn:,•nt, ,\rt• 'llodifit•d, .Jdjust.t'd or· altered in 
<~'I.Y w.1y. /\11 intt•r·f<~cing is accornplished via 
c!J,ltl<WS trt •;ystern l'lirinq. Thr dir·craft wirinq is 
rnodifipd -;,, t11.1t ,111 pertirwnt siqnal~ <~r·e rotited 
t!:nJUqh <1 "IJr·e,lkOIJt pJnc]' conveniently loc.ltcd 
t,J lilt• lnwc•r· left of the central console (near 
Ulr.' cr•-pi lots ft•t•t). riqures 7 and 8 shmv the 
t'r'(\l~.n·rt p,1nt•1, it·: loc,ltion .:nd tht• cabling both 
i•!Si·it• .111tl tltrt•:id,, the .1ircr·dft. A hole, made 
·:pccifrc.1lly to c~·:cornmodote t11e interface cables, 
·s<1·; cut i'l l11e hc:licopter plexiolass windsl1ield. 
:1 plt•,iui,J•;<; COVt't' li·:t•: ill'l'll tll,ltl<:• th,lt C0111pletoly 
C•l'J•'r·; :mrl •:c'.l~s t!H• holr wlwn the helicooter· is 
C>'\r~ f i r_l~l r't'd f :..~r· f l i qh t. · 

T!irt'•' •'x,l:npJ,~~ of ~;ystrm wi:·intl modification, 
n;l''''21y the Fu•'i Quantity G,ltJ~it~, tile Navigation 
S te::t, .1nd fli~·cr~'t f'nwcr· e~r·e descr-ibed below to 
<; t tk"~ i ntc't·f,·~cc de~ i~.n concept: 

Fue: Qt,dntitv Guuqe. Figure 9 shows three 
s.'Jei:1~1(-.;-·-t1f-~fUelqu,lntity garrge. View A 
sh01,·c. the ::nr::otJ if i ed a i rcr,1 ft system. View B 
:.nn•..:c; til<.' modified s:;stt>m when configured for 
f 1 i gl1 t. The ydugr drive signa I is routed through 
t'H' br·eil~out panel on its way to the gauge but in 
,.,,,,1 ity Ins no effect on system operation. View 
C silrMs ~Ire modifit'd system when configured for 
simuhtion. In this case, the drive signal (0 to 
5 volt DC analogue out) originates in the simula
tion co:nputing complex interface and is routed 
thr·outlh the breakout panel to the gauge. 

~IGURE 7 BREAKOUT PANEL. 

I JGUR[ il !NT[f(F,~CE C/\8\.lNG 
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Navigation System. Figure 10 shows the 
Navigation System when configured for simulation. 
The figure shows signals that simply route 
through the breakout panel, some that originate 
in the simulation computing complex and some that 
route data back into the simulation computing 
complex. The column to the left of the figure 
represents the simulation computing complex 
interface electronics, the breakout panel is 
shown centrally and the aircraft equipment shown 
to the right. 

The Horizontal Situation Indicator (HSI) is the 
primary navigation instrument and independantly 
displays heading, course and glideslope deviation 
and various warning flags. Each of these 
indicators have a separate drive signal as shown 
in the figure. The HSI heading repeater signal 
to the Radio Magnetic Indicator (RMI) is not 
broken by the breakout panel and is used as the 
servo feedback to the HSI heading stepper motor 
drive. In the flight configuration the complete 

drive and servo control is done by the Remote 
Directional Gyro KG 102A. RMI heading is slaved 
to the HSI heading. 

The Automatic Direction Finder (ADF) bearing is 
driven from the simulation computing complex 
interface as three analogue outputs in the form 
of de sin, dc cosine and reference values. The 
Vertical Omni-directional Radio (VOR) indicator 
is driven by 16 bit serial data, routed through 
the breakout pane1 and generated by a special 
card in the simulation computing complex inter- 
face. The Marker Lamps are driven by 6 volt 
power relays that are triggered by discrete out- 
puts from the simulation computing complex inter- 
face. 

The Distance Measuring Equipment (DME) is driven 
from the simulation computing complex interface 
by a special card that emulates the aircraft KR63 
DME Receiver and provides the digital 40 bit for- 
mat data necessary to drive the indicator. 
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Aircraft Power. The aircraft power for all 
systems is derived "from a +28 Volt DC Power Bus. 
Figure 11 shows the simulation schematic for the 
28 volt power system. The simulation computing 
complex interrogates the aircraft Battery Switch 
and Ground Power Switch, and when either are 
sensed as ON the power relay in the interface is 
activated, which in turn, activates the external 
power relay in the aircraft. All aircraft, cir- 
cuit breakers are routed through the breakout 
panel so that when in the simulation mode, the 
condition of the circuit breakers ^CN or OFF) is 
known to the simulation complex. The simulation 
software determines the correcpondinq condition 
of the system/indicator and produces appropriate 
drive output to the aircraft. 

Flignt Control Pos i t ion. Five positional 
potentiometers have been installed at appropriate 
positions on the pilot control linkages to pro- 
vide positional information to the simulation 
computing complex. The monitored flight controls 
are: 

( a) Fore and Aft Cycl ic 

(b) Left and Right Cyclic 

(c) Throttle 

(d) Collective 

(e) Ant i-Torque Pedals 

The following Figures show the installation of 
the flight control potentiometers: 

■ mfkiiAi ru-wu 
POM ijj 

IGUKE  11 Kr\\   •     tJUWtr 

Figure   13 

Figure  14 

F^Qure  15 

Cyclic 

Collective 

Throttle 

Figure 12 Ant. i -Torque Peda Is 

These positional potentiometers ^re electrically 
isolated from the aircraft since they have no 
function in the flight configuration. Resolution 
provided by the potentiometers is as follows: 

Controj Range of Tr_avel Resolution 

Collective 35 degrees 2  arc mins 

Cyclic (both) 30 degrees 1.7 arc  mins 

Anti-Turque 130 degrees 10 arc mins 

Throttle 6 centimeters i.l* 
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Safety. Special safeguards are required when 
utilizing real aircraft er^pment for simulation 
purposes. Each breakout panel connection is 
uniquely keyed so that there is no possibility of 
incorrect connections causing inappropriate elec- 
trical power routing. Systems that should not be 
operated when the aircraft is configured for sim- 
ulation, i.e., pitot heat, engine starter and 
igniters, are disabled by appropriate circuit 
design of the breakout panel connections. 

Careful design is incorporated in the simulation 
computing complex interface to ensure the air- 
craft units will not be subject to over voltage 
conditions. Power is not applied to the aircraft 
until the simulation computer is active. Addi- 
tionally the engine starter circuit is routed 
through all eight breakout panel aircraft config- 
uration connections so that the aircraft cannot 
be operated unless every connection is correctly 
in place. 

An Emergency Stop switch is located near the left 
hand seat bulkhead wlu;n in the simulation config- 

S01EN0ID VALVE 
1      1 

®  9 

uration. The stop switch removes all electrical 
and hydraulic power to the aircraft when 
ac'ioned. 

Hydraulic System. Figure 16 shows the 
helicopter hydraulic circuit when configured for 
simulation. An auxiliary power unit provides 
power at the same pressure and flow as that 
experienced in the real aircraft. The hydraulic 
connection is made at the aircraft "quick 
disconnect" couplings '.units 10 in the figure). 
The operation of the auxiliary power unit motor 
starter and solonoid valve are controlled from 
the simulation computer complex to simulate the 
effects of engine speed on available hydraulic 
pressure. 

The aircraft servo actuators provide movement to 
the aircraft control devices and remove feedback 
forces to the pilots hands. By powering the air- 
craft hydrualic system when in the simulation 
configuration, the "feel" experienced by the 
trainee pilot will be representative of that of 
the real aircraft in flight. 
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Simulator Computing Complex 

Computer and Peripherals. The TRIAD compu- 
tational sytem uses the SYSTEMS 32/2750 General 
Purpose Computer and includes a disc based oper- 
ating system suitable fcr simulation applica- 
tions. 

The computer complex schematic is shown in Figure 
17 and consists of one 80 mega byte, moving head 
disc drive; one magnetic tape unit for develop- 
ment support and data backup; one 175 CPS print- 
er; two CRT editor terminals, two CRT Digital 
Readout Unit & Interactive Displays (DRUID); and 
one CRT Operator's Console (OPCON). The OPCON 
replaces the mechanical keyboard and greatly 
enhances operation and maintenance of the compu- 

ter complex. The DRUID enables direct memory 
access for on-line alteration or debug of simula- 
tor software systems. 

The computer configuration for TRIAD consists of 
a single slot CPU, 512KB interleveled error cor- 
recting memory, an MTU processor, a disc proces- 
sor, two 1/0 devices (High Speed Device Inter- 
face) capable of 3.2 megabytes bi-directional 
data transfer, and an Input/Output Processor 
which handles multiplexing between the main CPU 
data bjs and a multipurpose bus used for external 
devices surh as the OPCON. The real time clock 
signal is provided by the linkage and all hard- 
ware/software is slaved to this one timer to 
provide exact syncronization of all simulated 
systems. 
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Computer Software. The software used for 
TRIAD can be separated into three major sections: 
1) Operating Systems; 2) Simulation modules and 
their executives; 3) Simulator support programs 
including maintenance, t*?st and diagnostics. A 
maximum iteration rate of 30 Hz is used to en- 
sure as high a fidelity as possible in the per- 
formance areas such as flight dynamics, flight 
control interface and visual transfer. Other 
simulator systems modules are installed at lower 
rates but in all cases at a rate which provides 
adequate time for accurate duplication of that 
system. Figure 18 chows the family tree of soft- 
ware units that make up TRIAD computer software. 

Operating System. The operating system soft- 
is a Rediffusion modified version of the 

SYSTEMS MPX-32 Uisc uperating System. These mod- 
ware 

ifications include software which shorten module 
computation time by placing math subroutines in 
memory to be called as needed, and enables real 
time memory access through DRUID. The math sub- 
routines enable rapid calculations of trigono- 
metric functions, integration, interpolation, 
function generation, etc. thus shortening CPU 
execution time for simulator modules. DRUID 
allows memory access through CRT/keyboard manip- 
ulation and eiiabies the user to address any 
location in the simulator module and the state of 
all CPU registers at each location. Entries can 
be made in hexidecimal, decimal or character 
codes. Indexed instructions can be monitored at 
the exact index register specified by the code. 
Any changed memory location will remain in that 
altered state until changed again by DRUID or 
until a new system is loaded from disc. 
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Simulatic Modules and Their Executives. 
These programs^ ^mplenent information processing 
to simulate aircraft performance, on-board sytems 
peformance, aircraft round environment, weather 
and atmosphere, navigation and radio aids systems 
and instructor functions including accurate de- 
piction of malfunctioning systems as selected by 
the instructor. The accurate dynamics of systems 
such as flight, fuel, electrical, engines, 
sounds, radio navigation, etc., are present in 
the TRIAD simulator load. The Master Executive 
module provides the order and time of execution 
of each sub system module, and maintains priority 
in the CPU foreground tasks to insure all simula- 
tor tasks are accomplished as called. Background 
tasks (i.e. editing, cataloging, Library Editing, 
Batch jobs) may be done as desired even in the 
normal simulator train ;~"j mode if operation. 

Simulator Support Programs T*e Simulator 
Support Programs, a few of whiV'h were mentioned 
above, allow the simulator operator to manipu- 
late, edit, medify, assemble, cempile and run any 
program in the simulator computer. New source 
programs may be added, if desired or existing 
ones modified to fulfill the needs of the opera- 
tor. A Ground Station Data r.GSD) Compiler and 
Editor is included to enat^e programming of vir- 
tually any navigation aid in the world for use by 
the simulator aircrew for training. 375 stations 
may be active at ^ny one time, with the maximum 
number of stations available for call limited 
only by disc storage area. S.E.L. Level I & II 
software diagnostics are included as a mainten- 
ance aid. The simulator load can not be run 
while level I or II is being executed as it 
demands full time use of the CPU, the SELBUS, and 
any peripherals attached. These diagnostics 
isolate malfunctions to a major assembly (circuit 
c^rd) level, thereby minimizing down time with 
board replacement being acomplished by the user. 

The majority of source programs for TRIAD are 
written in SYSTEMS assembler language to minim- 
ize computational time. However, many support 
and control programs are written in FORTRAN. 

Simulator Linkage Interface. TRIAD utilizes 
an interface system which tal.es maximum advantage 
of proven state-of-the-art techniques in elec- 
tronic component technology, packaging and data 
transmission. The operational characteristics of 
the interface are matched to the high speed data 
transmission capabilities of the SYSTEMS 32 
series computer and the almost exclusive use of 
aircraft instrumet.ts throughout the flight deck. 
The interface is fully integrated with the sound/ 
vibratio.i system and is capable of meeting the 
high speed response demands of helicopter flight 
and instrument systems. 

Figure 19 shows the disposition of individual 
modular units comprising the interlace system.Key 
features in the design of the interface include:- 

Multiplexed Digital Data Transmission. The 
primary data bus (P&B) transmits multiplexed 
digital data in two cables between .he simulator 
computer and the interface cabinets. 

Function Boards. Aircraft instrument drive 
signals are derived from a selection of standard 
function board channels that removes the need for 
complex special-to-aircraft type system bc?.rds. 

Power Supplies. The interface cabinet is 
equipped with the required power supplies that 
are fully protected by circuit breakers. 

Cockpit Power Supply. In addition to -he 
ac/dc power required for the linkage electronics, 
an external source of regulated 28 VDC power is 
necessary for the cockpit environment. A 30 amp 
power unit is located in a separate cabinet and 
provides power to both the linkage and cockpit. 

Diagnostics. A comprehensive range of inter- 
face-diagnostics operate on-line, during train- 
ing. Each interface channel is interrogated at 
regular intervals and failures are identified on 
the operator output ^evice. This enables the 
defective unit to be ramrvri and replaced. 

Intt.-face Cabinet Layout 

The cabinet layout for TRAID contains five levels 
of equipment, where each level is 178 no. (7 in) 
high, as shown in Figure 19. 
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The top level contains the cabinet facilities 
unit. The unit distributes the various power 
lines and services f. om the power distribution 
bay to ehe ac and dc power supplies within each 
card cage. Smoke and overheat detectors and fan 
units are also contained within the facilities 
unit. 

The central four levels contain the interface 
electronics designed to accommodate a range of 
standard cards capable of driving instruments and 
indicators normally used in aircraft. The range 
of cardb used for TRIAD are listed below: 

Analogue Input Analogue Output 

Discrete Tnput Discrete Output 

Addressable Relay  Synchro Driver 

Servo Amplifier 

Power Amplifier 

QUAD Amplifier Card 

Sound System Cards 

Nav. a,id Radio Aids System Cards. 

These cards are arranged as equipment modules as 
shown in Figure 19. 

Coupler Module. The coupler module, controls 
all communication between the SYSTEMS 32 host 
computer and the various modules. 

The SYSTEMS 32 computer contains a high speed 
direct memory access channel known as the high 
speed data interface (HSDI). This connects to 
the coupler module via a bi-directional highway 
known as the primary data bus (PDB). A unidirec- 
tional data highway originates at the coupler and 
loops around the on-board equipment before 
returning \.o the coupler. Each of the equipment 
modules connect to the bus. Messages originating 
from the coupler module are transmitted" around 
the bus and carry data to and from the various 
modules. 

Panel Drive Module. This module contains the 
electronics "associated" with aircraft panels and 
consists predominantly of discrete inputs boards 
(monitoring switch positions) and discrete 
outputs (driving lamps). 

Instrument Drive Module. This module con- 
tains tue eTectronics associated with aircraft 
instruments, i.e, synchro drives, servo ampli- 
fiers, various K^INC serial transmitters, etc. 

So ii'd and Rao ;o Aids Module. Level 5 of the 
linkage? contains TTSe electronics necessary to 
generate 206B sounds including «wironuent out- 
si:J* *.K ^ockoH. Air-e ii. this module are the 
electronics necessary to dr've the navigation 
instruments. 

Sound Simulation 

After an extensive analysis of the sounds pro- 
duced by a .''OdB helicopter in all modes of oper- 
ation, the following innovative techniques were 

employed to surround the pilot with a realistic 
atmosphere of s.^und: 
i oint sources oL individual noises were isolated 
to the origin from which they were generated. 

Pressure levels ard volume of noise were measured 
from each source. 

Unique sounds (i.e. "blade slap", blade stall, 
skid slide noise) were isolated and the frequen- 
cies of each were identified. 

Interior sounds such as boost pumps, fuel valves 
and generator sounds were recorded and identi- 
fied. 

Blade passing bounds and frequencies were 
obtained. 

To more accurately simulate this aircraft, real- 
istic in flight sound pressure 1e 'els are pro- 
duced to bombard the interior and exterior of the 
cockpit to stimulate the sense of motion and 
vibration achieved in actual flig.it. It was 
necessary to generate 110-114 dbA in order to 
penetrate the cockpit shell with enough energy 
and sound realism to match the 93-98 dbA which 
normally is present in this aircraft. An auxil- 
iary sound cabinet receives software controlled, 
hardware generated composite audio. This audio 
is then channelled to its appropriate point 
source and is amplified to the representative 
level of energy. Very high efficiency profes- 
sional sound equipment, including 1/3 active 
equalizers, frequency crossovers, power amplif- 
iers and speakers, are employed to recreate this 
envelope. Point source sounds are blended and 
matched to five Speaker locations. The front 
left, and front right elevated speakers are the 
origin for the blade swish sound and accompaning 
blade passing. An aerodynamic hiss is also 
blended here to provide the air rush noise heard 
over the canopy during fl:ght. A three speaker 
group inside the rear of the cockpit centralizes 
sounds which originate inside the ship. Engine 
and transmission noises are the primary sounds 
heard, but also blended into this audio are boost 
pump and generator noise. Because engine ard 
transmission sounds can be heard outside the 
cockpit, there are two additional stacks of 
speaker;, with a frequency range of 20-20KHZ, 
direct!;/ on the left and right sides of the cock- 
pit and positioned to penetrate the shell at the 
same angle as that experienced in the aircraft. 
Retreating blade sounds are blended into the left 
outside stack. Blade Slap is created by the 
advancing blade during rapidly changing aero- 
dynamic conditions or under high blade loads and 
is reproduced in the right outside stack. All 
outside speakers ar^ modulated with a 13.15 HZ 
blade passing frequency and this modulation 
coupled with a low frequency (Below 30 HZ) noise 
creates the thump or vibration of a two bladed 
helicopter. 5~>unds from engine start, through 
hover and translationa1 lift to forward, rearward 
or sideward flight, into cruise and even to 
engine out autorotation to a landiny are accur- 
ately reproduced to provide the pilot a realistic 
environment. 
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Instructor Control 

A flight simulation cor.plex usually incorporates 
a permanent instructor facility located either 
inside the simulator cab or off board in a sepa- 
rate room. Because TRIAD employs a real aircraft 
fuselage, the instructor may be located at the 
co-pilot station. A portable instructor facility 
is required that has the capability to fully 
control the simulator and provide malfunction 
conditions and, of course, be easy to use. 

Vupoint Portable Display Unit Vupoint 
employs a touch sensitive plasma display driven 
by a National Semiconductor 280 based micropro- 
cessor. Tf? display can present up to twelve 
lines of 40 characters each per page, and has 
internal storage capacity of up to 64 pages. 
Figure 20 shows the Vupoint display unit. The 
front screen assembly can be detached from the 
main casing for use on the instructor's knee as 
shown in Figure 1. 

The pages are arranged in a logical sequence and 
include an index, set-up pages, i.e. weight, CG 
etc, resets, freezes and system malfunctions. 

To select a page, change a parameter, or insert a 
malfunction, the instructor simply "touches" the 
appropriate text on the page. Infrared transmit- 
ters and receivers located around the edge of the 
display detect the touched screen position that 
cause system software to implement the appropri- 
ate action. 

Visual System 

The visual system consists of three major compon- 
ents: The computer generated image system, the 
calligraphic projection system and the backscreen 
assembly. 

Computer Generated Image System The image 
generator is a NOVOV^EW SP3T Day/Dusk/Night image 
generation (IG) system It employs a TI-980B 
based computer processor and a frame rate of 46 
HZ during daylight mode «fid 30 HZ during cwsk and 
night operation. The IG is capable of up to four 
channels, with three installed and operational or, 
TRIAD. The IG is interfaced to the simulator 
computer via a high speed DMA interface. Control 
and pilot eye coordinate and attitude data are 
transferred to the IG each simulator computer 
f rame. 

SP3T is a follow-on product of the SP3 FAA Phase 
III certified visual system, and provides all the 
features of SP3 plus texture. Various textural 
patterns can be applied to surfaces in the scene 
to give the appearance of clouds, sea waves, 
grass, concrete, forest, etc. This image genera- 
tion system is incorporated in TRIAD because it 
is believed that the texture feature will provide 
the helicopter trainee pilot the precise visual 
information re needs to successfully fly and land 
a helicopter. 

Call'igraphic Projection System The 
R ed iffusi ohuaTTTgraphic Projector can display 
both calligraphic Ughtpoints a(^d  rasier qenei - 

^cSgJER IN 

»cl1 

FIGURE 20 VUPOINT CONTROL UNIT 

ated surface during a single IG frame. Three 
projectors are used for TRIAD and each consist of 
a head unit, a power unit and a remote control 
unit. 

Projector Head Unit. The head unit is an 
assembly incorporating three projection tube 
assemblies (red, green and blue) and their assoc- 
iated scanning systems, the EHT generator and 
video processing equipment. The tube assemblies 
are housed within a rigid light-weight aluminum 
casing. Each projector head unit is supported en 
a frame and positioned relative to the corres- 
ponding backscreen t'or correct geometric align- 
ment , 

Projector Power Unit. The power unit is a 
floor standing cabinet containing the deflection 
power supply, -24 volt power supplies, tube 
heater supplies and video and HT power supplies. 

Projector ?.eicjlü Control Unit. The remote 
contrdTunit enables the'projector to be callib- 
rated from the pilot viewing position inside the 
helicopter by a single operator. 

 mbl / 
mounted behind Fh^ display screen assembly com- 
pletely out of the pilot's view. The backscreen 
assembly is comprised of a framework supporting 
three eight foot hiqh by six foot wide flat 
translucent panels. The panel material has an 
optical diffusing coating for high resolution 
images. 

Each oanei is oriented such that the pilot views 
screen at a perpendicular angle to present a con- 
tinuous horizontal image. The size of this '.mage 
is 48° vertically anc  108° horizontally. 

Data Bases Several data bases are used for 
TRIAD, ranging from a gulf oil rig, a ship land- 
ing platform, to * standard Airfield. Obstacles 
are located at o ltual locations in the data 
bases to ensure pilot skills are exercised to 
their maximum during TRAID pilot assessment. 
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RESULTS 

The objective of adapting a certified helicopter 
for use as a full high fidelity Simulator to be 
used for pilot training was achieved. 

"Embedded Simulation" Concept 

All of the objectives to prove the "Embedded Sim- 
ulation" concept were achieved. The generic hel- 
icopter flight simulation model was successfully 
modified to approximate the Bell 2068 performance 
characteristics. All of the aircraft systems 
wßre utilized in conjunction with the simulation 
complex and the out-the-window CIG Visua1 Display 
System. 

Total Simulation System Validation 

Four visual models were used to evaluate sytem 
capability and pilot performance. These models 
were: 

1) Montgomery County Airport, Conroe, Texas 

2) Perry Class Frigate Underway 

3) Offshore Oil Drilling Platform 

4) Nuremburg, Germany, Municipal Airport. 

'iode1 1 provided the capability to demonstrate 
hovering, air taxiing, pedal turns, transition 
to forward flight, climbs, decents, ..pp-oach to 
Ending and landings. Visu^1 cues and system 
response were adequate lo provide a training 
capability for no>. \^t pilots as well as profic- 
iency trai^'-,^ ror the experienced pilot. 

Model 2 provided a helipad on a frigate underway 
at sea. Cues such as a rotating radar antenna, 
bow wave and wake, and moving zeastate were pro- 
vided allowing the pilot to pr uticc normally 
difficult landings. 

Model 3 demonstrated the realism of operating on 
an offshore oil drilling platform providing the 
capability to enhance pilots training for all 
levels of qualification. 

Model 4 provided a full IL3 approach capability 
as well *s the normal runway and traff pattern 
functions. Category II approaches to minimums 
were utilized as well as simulated emergencies 
such as transmission failures .*nd chip lights. 
The full rarge of autorotation practice as a 
result of engine failures was also demonstrated. 
Hovering, straight in, and 180° autorotations to 
full stop landings were accomplished with a 
degree of realism that provided the touchdown 
response appropr.ate to the degree of impact. 

Computer Image Generated Visual Display 

The wide screen with renr projection provided a 
real non-collimated image with a 108 deqree hori- 
zontal and 48 degree vertical flelu-of-view. This 
view is continuous and can be viewed from any 
position in the cockpit without losing or having 
the visual fade. The texturing of the visual 
display provided the critical cues for ►»eight, 
closure and acceleration that are mandatory for 
low level helicopter flyir.j.  The realism lines 

on the concrete runways and taxiways, the tire- 
marks or. the runways, the mottled ocean surface, 
grass and tree tops and the overcasts and cloud 
surfaces are all authentic and lend to the real- 
ism of the simulation. 

Sound and Vibration 

The sound system provided a high degree of real- 
ism by including actual engine, transmission, 
rotor, slipstream and touchdown vibrations of tha 
operating aircraft to the pilot. 

Simulation/Aircraft Interface 

The goal of adapting a certified helicopter for 
simulation use and return to full operation in 
two hours or less was more than met. It was 
demonstrated that the Bell 206B could be placed 
in operation as a simulator in ^4 minutes and 
returned to full flight operation in 15 minutes 
by two people. Figure 21 show the TRIAD heli- 
copter during its proving flight. 

FIGURE ?)     TRIAD PROVING FLIGHT 

General ResuIts/Comments 

The TRIAD concept was demonstrated as a produc- 
tion prototype for three months prior to this 
paper submission. The objective was to expose 
the concept to a broad range of aviation related 
personnel and to gather comments on the prototype 
system. 

Ali participants in the demonstrat ions were 
advised of the prototype status and the various 
areas which would be either improved or modified 
in the production systems. Each participant was 
encouraged to critically evaluate i ie system on 
the basis ot both inputs. The production time 
scale would allow for if.Jus ion of almost any 
modification that surfaced consistently as a 
result vf  these demonstrations. 

Upon termination of the demonstration phase, the 
only consistent result was that the Syrern func- 
tioned remarkafly well as a train. ; device. 
Pilot acceptability of the flight characteris- 
tics, as compared to a Bell 206 aircraft, wa^ 
extremely posit ive. 
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The absence of a motion base on the system was 
emphasized in each pre-brief to participants as 
being one of the major departures from conven- 
tional simulation devices. Each participant was 
asked to critically evaluate this particular 
aspect during the demonstration. The overwhelm- 
ing concensus was that the absence of motion was 
not particularly noticed given the aoparent 
motion created by the visual-sound combination. 
Further, concensus indicated that pilots who had 
received training on current motion based heli- 
copter simulators were able to achieve a more 
rapid accommodation to the system and performed 
low level flight and hover maneuvers with greater 
ease. The ability to operate effectively at very 
low altitudes with a TRIAD system may resolve the 
question of motion versus non-motion in flight 
simulators. 

While the results gained from the demonstration 
phase are not presumed to be scientific, the 
overwhelming positive response to the TRIAD sytem 
would indicate that the approach is valid and 
that acceptability as a training device is fairly 
unanimous. 

Cost Analysis 

For a given visual system, TRIAD will represent a 
considerably smaller initial investment. For pur- 
poses of example only, assume an acquisition cost 
of approximately $4.5M for TRIAD (to include one 
software package); S750K for additional TRIAD 
aircraft interface software packages; and, S6.0M 
for a conventional simulator. These assumptions 
achieve a savings of approximately 25 percent for 
a one aircraft system. 

Using the above cost approximations, assume a 
situation in which five aircraft types can be 
simulated. The TRIAD system cost would be S4.5M 
+ $75JN x 4 = S7.5M. The conventional simulator 
would cost S6.0M x 5 = $30.0M. These assumptions 
achieve a savings of approximately 75 percent for 
a five aircraft system. 

TRIAD will represent the same, or better, results 
in simulator versus ai-craft training trade-offs 
when compared to a conventional simulator. 

A study by Orlansky and String (1979) gives con- 
siderable insight in the various areas of simula- 
tion cost analysis that should be considered. 

FUTURE DEVELOPMENTS 

The main objective of TRIAD was to prove that 
Emtedded Simulation is a concept that has prac- 
tical application for pilot training. The most 
expedient technical approach was employed on the 
basis that a nore general approach would be 
implemented srouid TRIAD DP successful. The 
lessons learned during this project lead to the 
following future developments that will provide a 
better, more flexible total simulation system. 

Pneumatic Instrument Drive System 

TRIAD was configured with . . Air Data Computer 
instrument system permitting electrical drive tc 
the Altimeter, Airspeed Indicator and Vertical 
Speed Indicator. A planned TRIAD development is 
to apply pneumatic pressure/vacuum directly to 
the pitot head and static source sensors in a 
precise manner to drive the air driven instru- 
ments tc a resolution comparable to that exper- 
ienced in f1ight. 

Dedicated Simulation Model. 

TRIAD employed generic flight, rotor and engine 
simulation models that were suitably adjusted tc 
provide approximate Bell 206 performance. Future 
TRIAD products will employ simulation models for 
the aircraft systems that have been rigorously 
designed from aircraft manufacturers substan- 
tiate'-! data. 

Cont-ol Loading 

Many small helicopters do not errploy fully 
boosted hydraulic control units on all its flight 
control systems. The anti-torque system on 
TRIAD, for example, was not boosted and therefore 
does not provide the aerodynamic feedback forces 
normally experienced by the pilot. 

It is planned to cievelop a small, highly portable 
control loading unit that can easily be mounted 
to any aircraft frame and control linkage, that 
can readily be Calibrated and will provide appro- 
priate force feedback to the pilot unde~ all 
normal maneuvering conditions. 

Visual Display Improvements 

The non symmetrical field-of-view proved not to 
be ideal since helicopter maneuvers usually 
require equal vision on either side of the cock- 
pit. The helicopter will be positioned with the 
three display units placed symmetrically about 
the pilot producing a 48 degree vertical by 108 
degree horizontal field-of-view. It is also 
planned to assess a four screen 144 degree hori- 
zontal fielJ-of-view display configuration. 

Vibration 

The pilot and copilot seats on the Bell 206 fit 
over a spacious part of the helicopter fuselage 
containing the flight control linkages. To aug- 
ment the sound/vibration system, it is planned to 
design a "seat vibrator" »hat can be located in 
this space under each seat. It is important that 
vibration is not induced in the aircraft frame- 
work, engine or transmission and therefore a seat 
vibrator employing seismic principles is being 
considered. 
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F-16 & A-1UA OFT SIMULATOR 
FLIGHT SYSTEMS DEVELOPMENT & TEST 

K.L. JOHNSON* AND M.°. BOGUMILL** 

ABSTRACT 

''This paper discusses flight systems development and test issues of the Air Force's F-16 
and A-10 Operational Flight Tra.ners (OFT) for flight controls, performance, and stability 
and control. Brief descriptions of the aircraft, simulators and their hardware, and flight 
systems software are presented. The basic design data rase is described; simulator test 
techniques are presented; and some of the more interesting flight system simulation test 
problems and their resolutions at- discussed. Probably the more basic reason for many of 
the A-10 OFT flight systems initial problems relates to the minimal involvement of user 
pilots during data development and flight system logic design operation. Conversely»rtjie 
success of initial government flight systems testing of the F-16 OFT was aided by early' 
user pilot involvement in system design and operation. This paper also contends that t'ne 
greatest amount of transfer of training (simulator to aircraft) for flight systems opera- 
tion and performance is obtained with a design philosophy which replicates cockpit features, 
visual cues, and the performance of the actual aircraft. The paper concludes with suggested 
future methods to improve simulation performance and test efficiency.^ 

NOMENCLATURE 

AOA angle of attack 

C|_$e lift coefficient due to elevator 

DAC digital to analog converter 

DPS degrees per second 

FS/g, 6e/g     stick force and elevator per 
load factor 

HST, PWT       high speed tunnel, polysonic 
wind tunnel 

I/O input/output 

S/W software 

VVI vertical velocity indicator 

f.-J6A AjKi y/\j; 

The F-15A is a single-engine, single seat mul- 
tirole tactical fighter with full air-to-air and 
air-to-ground combat capabilities. It has a winy- 
:pan of 33 feet with wing tip missiles and an 
overall length of 49.5 feet. With full internal 
fuel, full ammunition and two AIM-? missiles, the 
gross v-eight of the aircraft is approximately 
23,500 pounds. The maximum gross landing weight 
is ?7,50G pounds and the maximum gross takeoff 
weiynt is 3S.000 pounds, which permits the car- 
nage of almost 11,000 pounds of external store-,. 
The F-16A aircraft is powered b-v thfc F100-PW-1C0 
turbofan engine, which is ir. the ?5.0OG pound 
thrust class. The fuselaqe is characterized by a 
large bubble canopy and an underslung engine air 
inlet. The wing tail surfaces -ire thin and fea- 
ture moderate aft ..weep (40°).  "he *«in-j is a NACA 
64AZÖ4 airfoil which has leading edge flaps that 
are deflected automatical ly to enhaf.ce performance 
over d wide speed range. Fiaperons are mounted on 
the trailing edge of the wing and combine the 
functions of flaps and ailerons. The hor'cental 
stabilizers have a snail amount of anhedral \\Q°) 
and provide pitch and roll control through differ- 
ential deflection. The vertical tail, augmented 
by twin ventral fin-., provides, directional stabil- 
ity. The primary flight control systew is a full 
fly-by-wire system which doe«, not use mechanic*!1 

linkages or control cables between the cockpit anu 

the control surfaces. This systems provides three- 
axis flight path control through the i«:r of a side 
stick controller and rudder pedals. 

F-16A 
SmgtcPljee Fighter 

../ .../ - 
-=, Z5~^r-^T\ 

Fig 1 F-16A Aircraft 

The F-16 Operational Flight Trainer (OFT) is 
currently ncaring the end of a four-year product ion 
ptonram and is being installed at various training 
Sites throughout the United States Europe, and 
A^ia. The F-16 OFT is designed and built by t^t- 
Simjpr-li»ik Corporation in Binghamton, New York 
atul is intended to provide pilots wit;, flight 
training that is directly transferable to tt.e f-!6 
aircra?'.. Through the use of the trainer, experi- 
ence can be gained in the operational use of all 
aircraft systems. Pilots dr^  able to practice 
tactical missions, both air-to-air and air-to- 
ground, with t)\  possible weapon loadinys. t»er- 
gency procedures can safely be practiced arid the 
trainer can be "tlown" to the limits of the air- 
craft's fli'ht envelope to provide increased con- 
fidence -id survivabil ity. 

Cpmp_utat-ion Sjrj.tew. The current F-16 OFT 
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consists  of a  computational   system which compr^s  s 
a  complex of hardware units  and  structured  SOft- 
warp   nrnnrann;    ('Fin   ?)        Thp  ma i n   . nmnutpr   rr.ni i<;t^ 

of a central   Nord-10/s  16  bit  processor expanded 
four 32 bit Nord-50 processors.    The Ncrd-10/s 
provides central   control   and  supervision  for all 
system  I/O and  program execution.    The Nord-50 
processors are dedicated to simulation system pro- 
cessing under control   of the central   Nord-10/s. 
The Nord-50 processors  run  in pa "-alle1,  each con- 
tributing an uninterruptible one-fourth of the 
total   Nord-lQ/5C computing power.    Additionally, 
twii    l_ i nl - Hpi/pl nnpH    linp^r-    fnnrtinn    intor-nnbtnrc 

(LFIs)  are used  to  provide the aerodynamic data 
for flight  handling characteristics of the trainer. 
Other hardware  includes  two disc  drives, one a 
backup  for the other-,  a  Night Only Calligraphic 
Image Generation (NOCIG) visual   system,  signal 
conversion equipment   (SCE),  an actual   F-16 Delco 
Magic  362F Fire Control   Computer   (FCC),  a mechano- 
recepfor subs>,iem (MRCS) and a  Sander's display 
system driving three CRTs,  a  light  per and three 
keyboards at  the  F-lb OFT  instructor station. 

Student Statjon.    The cockpit of the simulator 
is an exact replica of an  F-16 aircraft cockpit. 
It  includes actual   air-raft  hardware for  items 
such as  the side stick controller,  the Head-Up Dis- 
play (HUD), the Radar/Electro-Optic   'RDR/E0>  sys- 
tem an^  the Fire Control   Navigation  Panel   (FCNP). 

All  motion  is  simulated with a merhanorecptor 
cueing  system  (MRCS)  consisting of 30°  reclined 
g-seat,  anti-g  suit,  and a  seat  sh,:ker.    Unlike 
previous  simulators,  there  ic   no  hydraulic control 
loading  because,  just as   in the aircraft,  the sim- 
ulator employs a  fly-by-wire  flight control   system 
which  interacts via  signals  from  the stick and  rud- 
der  pedals'   force transducers   throu  ■■■. the  signal 
conversion equipment  directly to  the   flight control 
system software model  to  provide all   nee  ssary 
flight dynamics.     Realistic  ?ir:raft and environ- 
mental   sounds  arc reproduced  by an aural   cue  sys- 
tem. _ 

9 
10 

Power Caoinet 
Herd Compute- 
Hydraul ic 'Pnouaitic  Por:ps 
KVJ Display 
Studcfft  Station  (COCK: it) 
Cockpit F'crip'.« r<al  Cabinet 
NVS Support [quipnc-nt 
Instructor Operating Station (I0S) 
Mcchanoreccptu- Cabinet  (MRc) 
76 H-BYTE  Dis! s 

F-16A Trainer Simulator 

ground weapons delivery, air-to-a  r intercepts, end 
and  limited air refueling.     It employs  a  conven- 
tional   beamsplitter CRT display with an  instantan- 
eous  field of view (F'3V)  of i22.6c   horizontally and 
+13° and -15° vertically. 

Instructor Operating Station .     r i na1' /,  -ill   of 
this  is orchestrated at  the  instructor        rating 
Station  (IOS).     Designed to be operated by one   in- 
structor,  the  IOS includes  three 21   inch   -Ipha- 
numeric  CRT displays with a   light  OP-I,  a  rada^/EO 
repeater with controls,   selected flight avionics 
( "9pc5t°'-} ,   :   NVS   ronoj + r".   funrHnnal   kpvnmrds,  a 
three-axis  joystick,  and a  communication  system. 
Each CRT can  provide real-time  information of cock- 
pit conditions,   system mal functions,   instrument/ 
navigation procedures,  threats, or weapon delivery 
results. 

IGHI 

The software is organized into modules whi(> 
interact in a real-time simulation et.ironment 
(Fig 'j, The majority of the software is  ;ltr.n 
in FORTRAN with some assembler language fo» setter 
efficiency. 

Each module is small (i.e., 100 to .'00 state- 
ments; and has a well defined function such as 
•nodule F500, Drag Coefficient. The Drag Coeffi- 
cient Module calculates the total drag force 
coefficient due to aerodynamics including the basic 
aircraft and any perturbation^ from the clean con- 
figuration. The output of this module and several 
other aero coefficient modules interracts with the 
atmosphere module and equations of motion module to 
provide the flight dynamics for the simulator. 
Other m^s'^es dre  similarly grouped to provide en- 
gine dynamics, navigation, and weapons delivery 
simulation. 

INiTlALIZA' O" 
SPE .IAI I/O 
TIMING 

■ mnoRS 
I   MODI CONTROl 

'SYNCMRONCuV 
»SYNCHRO**« TASK 
iNHftftlWTAU TAM 
DULKilAS«. 

i :\ IMOüULE 

UMIOVf OATA 
INTCMAC« OATA 
i/O DATA 
INTiRCOMTUTt* DATA 

On several, but not all, trainers a Night Vis- 
ual System (NVS) provides visual cues 'or the pi- 
lot to fly take-offs, approaches, landings, air-to- 

Fig 3 Software Organization 

SIMJIUTQR nU'lJ-Oj'MlJI 

Once the contract is let for the simulator, n 
large effort is spent in gathering data (Fiq 4). 
Usually, sufficient data does not exist or there 
\re  anomalies in the data. Some examples for the 
F-16 OFT were: insufficient F-100 engine data, 
incomplete non lintar rudder and flaperon effects, 
and incorrect aeroelastic modeling equations. Ad- 
ditional data must then be generated to > over void: 
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This is expensive and time consuming. Once the 
data hasp is correlated, a software model is gen- 
erated, debugged and refined. 

As soon as possible during development, highly 
qualified pi.■• c(s) should be brought in to perform 
a modified functional check flight of the simulator 
in order to identify a;yy deficiencies in the flight 
regime. This was done with the F-16 OFT with ex- 
cellent results. 

Fig 4 Simulator Development 

Once Full Scale Development (FSD) and Quality 
Control (QC) checks are complete, extensiveinplant 
acceptance tests with unit pilots begin. Several 
halts will probably occur as technical problems 
arise and are cleared by the contractor. If all 
goes well, the simulator passes several critical 
tests and is shippe_ uo the appropriate training 
base. If all does not go well, then one or more 
technical deficiencies exist. If the deficiency 
is minor- and does not effect training it will 
probably be waived for shipment an I fixed prior to 
the ready for training date (RFT), if the defi- 
ciency is major then it must Du corrected irolant. 
For the F-16 OFT follow-on simulators, retesung 
consisted of condensed testing of the necessary 
areas to ensure a complete and accurate system. 

r_ESJ_ PROU DURFS 

In order to evaluate the complete F-16 OFT sys- 
tem ove~ 4,000 pages of Acceptance Test Procedures 
(ATP) were «ritten and incorporated into ten vol- 
umes. One of these volumes, volume seven, con- 
tained the performance evaluation tests. It con- 
sisted of: weight and balance checks, atmosphere 
cnecks, speed power tests, engine performance, and 
bnth static and dynamic flight characteristics. 

Weight and balance tests were rather straight- 
forward readouts of <jross weights, centers-of- 
gravUy. and moments of inertia for several F-16 
configurations. Similarly, the atmospheric checks 

evaluated proper temperature lapse rates, air- 
speeds and mach numbe*- for standard ( + 15°C) and 
nonst&ndard days (~20°C, +40°C) and also checked 
for correct wind, turbulence, and gust effect.. 

The Speed Power tests provided the first de- 
tailed comparison of the performance of the simu- 
1 a uui to 1 '.11 uiu 

«.(,-*.  „X  4 k.. irc~aft. Thpsp t°sts con- 
sisted of level accelerations/decelerations, rates- 
of-climb, and times-to-climb. The level accelera- 
tion tests were run at several fixed altitudes 
from sea level to 50,000 feet at m?vimum and mili- 
tary power settings. These tists ar? highly depen- 
dent upon an accurate engine model tor thrust and 
inlet ram drag, and an equally accurate model for 
aircraft drag. The rate-of-climb (R/C) tests were 
run differently in the OFT than in the aircraft. 
R/C curves were ae lerated for three different 
gross weights at s^a l?vel, 10,000 feet, ond 
30,000 feet. The trainer was then evaluated 
against them by freezing the altitude and allowing 
the pi?ot tc "ary the true airspeed by changing 
the pitch attitude. Thrust was kept constant at 
either nil itary or maximum power settings and gross 
weight was maintained by freezing the total fue1 . 
These tests became mere difficult at the higher 
altitudes and gross weights due to its sensitivity 
to airspeed and pitch changes in this regime. The 
time-to-climb tests were more dynamic and, there- 
fore, similar to those in the aircraft. Two tests 
were run, one in mil itary power and one in maximum 
power. Both were run from sea level but timing 
was not started until the trainer passed 10,000 
feet in order to allow the pilot to stabilize his 
climb attitude. The pilot initially maintained a 
constant airspeed (400 KIAS for mil itary ^ower; 550 
KIAS for maximum power) until reaching 0.9 mach 
(mil power) or 1.5 mach (max power) and then held 
constant mach until completion of the test. Again, 
as in the R/C tests, it became difficult to match 
the data at the high altitudes primarily due to 
lower thrust available, pitch sensitivity, and 
pilot technique. Longitudinal maneuvering flight 
characteristics were evaluated using constant air- 
speed fixed altitude wind-up turns to 7 g's to de- 
termine control surface variations with load fac- 
tor. Several gross weights and configuration were 
analyzed at 10,000 and 30,000 feet. As the angle 
of bank and the g-loads increased most pilots had 
difficulty maintaining mach number/airspeed even 
with altitude frozen. Repetition improved the 
pilot's ability anc.  the test results. Longitudinal 
trim checks were also made for various configura- 
tion changes such as gear, flaps, and speed brakes 
extension and retraction. Lateral trim checks 
were performed by steady-state sideslips in which 
the pilot maintained a wings level sideslip of 
constant rudder pedal force. The rudder pedal 
force was varied up Lo full rudder deflection for 
pach of several airspeeds, altitudes, and config- 
urations. Results fo.' sideslip angle ( ), rudder 
deflection, and differential flaperon were then 
compared A    ,.,-ifh     Mir crsft data. Lateral trim was 
also checked for asymmetrical loads. 

Dynamic stability flight characteristics were 
evaluated by first comparing the longitudinal short 
period dynamics with those of the aircraft. A 
strip chart recorder was used to record longitudi- 
nal stick force, stdbUator position, pitch rate 
and attitude, angle of attack, and load fat.Tr 
while the automatic test features o* the computer 
were used to input a pitch, force doublet. Tests 
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were run at three basic configurations, three dif- 
ferent altitudes and several airspeeds. Similar 
procedures were used to evaluate the roll mode. 
Again the äütüf,.äti<_ lebt feature was used with the 
strip chart recording roll force, differential 
flaperon, roll rate, and roll attitude. From these 
tests, times to roll 90 , 180° and 360° for several 
airspeeds, weights, and configurations were com- 
pared with flight test data. Finally, the Dutch 
Roll mode was investigated using a rudder doublet 
(automatic function) and recording rudder pedal 
force, rudder deflection, yaw rate, roll attitude, 
sideslip angle, lateral acceleration, roll rate 
afiu   u t t i ti Critlü i    liapte'flMi. 

Tests were also performed to evaluate l-g 
staUs and take-off and landing performance. The 
last test performed was an ov°rall pilot evalua- 
tion of the entire flight envelope. This was per- 
formed by a highly qualified F-16 flight test pi- 
lot whose comments were used to further improve 
the simulator data base. 

■[ ST RLSULTS/PROBlXM ARt AS 

One technique which has provided Air Force en- 
gineers with insight into potential problems in 
the flight handling area is to have the pilots 
"fly" simple profiles during their first time if 
the simulator. This allowed discrepancies, which 
might not otherwise be evident, to surface. One 
such discrepancy was noted by several pilots. 
Their comment was that the simulator required rxces- 
sive force to "unstick" from the runway during ro- 
tation and lift-off. Contributing factors were a 
limited field of view visual system which may net 
have provided sufficient cues for rotation and 
lift-off and a fixed-stick controller which the 
pilots were not accustomed to using. The primary 
cause, however, was a non-linear load curve for 
the main landing gear which was approximated by 
linear equations. Additional break points were 
required in orde^ to "smooth" the curve to fit the 
actual aircraft performance. 

Another discrepancy was noted during the 
landing phase. Just prior to touchdown almost all 
pilots entered a rolling PT0 (pilot induce oscil- 
lation) on their first landing in t:,e simulator. 
This was also noted initially on the A-10 simula- 
tor. As the number of approaches and landings in- 
creased, the rolling tendency decreased t^ zero. 
The primary cause for this appears to be a lack of 
visual cues near the terminal phase of the approach. 
The pilot then overcontrols the roll axis. As ex- 
perience grows, the pilots "learn" to slow their 
roll inputs during this phase to effectively eli- 
minate this problem. 

As mentioned previously, it was difficult to 
test the time-to-climb above 40,000 feet due to its 
sensitivity to airspeed and pitch. Several itera- 
tions of this test were required before satisfac- 
tory results were achieved. In this r^se. the data 
was correct but the test procedures were difficult 
to follow. 

Perhaps the area of highest risk was in the 
software development for th<j F-100 engine. The 
actual F-100 engine in the F-16 aircraft is opera- 
tional throughout a very  broad flight envelope with 
rapid changes in engine demands.  In order to prop- 
erly nandle this, a cycle analysis design approach 
was used to model the dynamics of each engine 

section. From the onset this effort was beset 
wiih problems ranging from missing data, especial- 
ly transient daca, to personnel changes. Two 
years were required to perfect the enyine bimula- 
t i o n. 

A second problem area of trie engine develop- 
ment existed in the Back-up Controller (BUT) which 
provides the fuel flow rate to the engine in the 
event of failure of the primary Unified Fuel Con- 
trol (UFC). Both hardware and software problems 
occurred to hamper testing. Once the hardware was 
fixed, pilot comments became very  important in 
isolating software problems and additional oata 
was then sought to correct them. 

AjJOMURCRAJJ 

The A-10 aircraft is a single place close air 
support aircraft built by Fairchild Republic Com- 
pany, Farmingdale, New York. It is powered by 
General Electric TF34-GE-100 engines having a max- 
imum installed thrust of 9,000 pounds per engine. 
The maximum gross weight of the aircraft is 47,500 
pounds. The engine is a high bypass turbofan with 
a single fan rotor, fourteen stage compressor and 
six turbine stages (See Fig 5). The aircraft has 
a length of 53.5 feet, a wing span of 57.5 feet, 
anu   a    winy    a"cu    u i     TUJ    iijuai L    i '.c«. .        i fit.    «iny    UM- 

foil is an NACA 6716 inboard of the landing gear 
pods and an NACA 6713 outboard. The wing contains 
four panel, three position flaps, aileron and 
aileron tab surfaces, and eight pylon weapon sta- 
tions; three additional pylon ctations are  located 
on the fuselage. The ailerons consist of upper 
and lower panels which also function as speed- 
brakes when moved symmetrically. The empennage 
consists of twin vertical rudders, a horizontal 
stabilizer, and elevators with elevator tab sur- 
faces. The horizontal stabilizer and vertical 
stabilizer are NACA. 64A013 airfoils. The armament 
system includes a 4,000 round per minute 30mm 
seven barrel gun. The flight control system is 
designed to operate with single or dual hydraulics 
shut down; the latter case is ~alled Manual Rever- 
sion. Without hydraulic power, roll control me- 
chanically transfers from aileron surface control 
to aileroii tab control by means of a roll tab 
shifter device near the control surfaces. Mechan- 
ical disconnect devices, in both the pitch and 
roll control axes, free the control stick to oper- 
ate in one of two separate paths in both pitch and 
roll in the event of a mechanical linkage jam. 

f3*3£* 

Fig  5 A-10A Aircraft 
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Az 1_0A_ TRAINER SIMULATOR 

Reflectone, Inc., of Tampa, Florida builds the 
A-10A Operational Flight Trainer for the Air Force 
through an initial 1976 contract with the Simula- 
tor Systems Program Office. The principal mission 
of this trainer is to provide the capability of 
procedures and proficiency training to pilots re- 
quired to fly the A-10A aircraft in fulfillment of 
its mission to navigate, seek out and destroy 
ground targets. The trainer provides the means of 
developing proficiency in d" phases of InGtruKicit 
flight, including ground operations, takeoff, en- 
route navigation, holding, penetration, approach, 
and landirg under hotii normal and emergency con- 
ditions. The visual system permits practice in 
normal and emergency procedures under simulated 
night visual conditions. Experience will also be 
gained in selection and release procedures asso- 
ciated with the basic armament system and simulat- 
ed electronic war 'are (EW) equipment. 

TRAINER HARDWARE 

The trainer hardware and floor layout are 
shown in Figure 6. The primary computer capabil- 
ities consist of: Threp System Electronics Labo- 
ratory (SEL) 32/55 computers (Units 1), an MDEC 
Vital IV system consisting of a Varian Image Gen- 
erator Processor and Visual Display Unit (Units 7 
and 2), an LSI-11 Minicomputer, aft of the cockpit 
station, for control loading modeling (Unit 8). 
Additional hardware systems are the Instructor 
Station (Unit 3), the Electronic Warfare Simula- 
tion Cabinet and Console (Unit 4), Audio Cabinet 
System (Unit 5), and Hydraulic and Electrical 
Power Equipment (Unit 6). 

systems of an aircraft. Tne traditional method 
has been a cystem consi?tinn of $orK0r^; mechanics, 
hydraulics, drive electronics, and modeling ties 
together with some I/O interface to a host CPU. 
In this design, the modeling electronics (basical- 
ly an analog computer) was replaced with a digital 
computer. The control system modeling of the air- 
craft is then performed by the digital computer 
software. I/O interchange to the host SEL comput- 
er is now performed by direct memory address (DMA) 
exchanges between the LSI-11 digital control 
Tasde*1    '-"H1 ""*""»-    anH    the    hnct    fPII 
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Fig 7 Digital Control Loading Subsystem 

The propulsion module consists of approxi- 
mately 500 lines of Fortran code and is executed 
at 10Hz with rectangular integration. Its primary 
outputs are net thrust and ram drag to the aero- 
dynamics module, fuel flow to the fuel systems 
module, and thrust and engine speed to an aural 
cue module. The flight moaule consists of approx- 
imately 550 1 i its of code and performs calcula- 
tions and summation of all aerodynamic forces and 
moments acting at the aircraft centcr-of-gravity. 
These forces and moments are a function of config- 
uration, control surfaces, engine ♦.•rust, .ingle of 
attack, sideslip, body angular rates, and environ- 
mental conditions. The module data is in approxi- 
mately 60 percent tabular and 40 per'.ent equation 
form. The flight equations or motion ar</  computed 
at 20Hz using a rectangular integration s:ti_me. 

Fig 6 A-10A Simulator Facility 

The software is primarily coded in Fortran 
with som° assembly coding for the non-real-time 
programs. The trainer S/W system contains approx- 
imately 300,000 lines of code of which all Are 
disc stored. The flight control system for the 
A-10 trainer simulator is a digital control fad- 
ing system (DCL) designed and buiU inhouse by 
Reflectone, Inc., of Tampa, Florida. The PCL rep- 
resents .i novel method for  c inflating the cnp.tiui 

The total system design data base ii- best 
appreciated by realizing that J top level document 
listing the design references contains over 500 
individual entries. The flight systems list *'s 
30-40 percent of tin total and includes f 1 ight, 
test reports from Fairchild Republic Aircraft anj 
the Air Force Flight Test Center as well as air- 
craft technical order., engineering reports and 
drawings. Additional government report", fron; the 
Air [y)rrr'^  Tactical Air Command, Flicht Dynamics 
laboratory, and Human Resource'. Laboratory were 
also included in Tne design data hase. 
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The ,1erodynamic and f'ropul:.ion data base is 
currently a mix of wind tunnel, flight test and 
d<1L1 Vdr·ict11ts due to pilot cvi11lJJtion. Th~ bJ~ic 
set of data and equations arc ha;cd upon a cruise 
confi~ured A-lOA. Data changes due to configura
tion changes, external stcres, power an~ hydraulic 
status are generally modeled as incremental effects 
to the cruise configured aircraft. Aerodynamic 
effects due to buffet, ground effects, and asynl
I!ICtric controls and malfunctions arc also modeled. 
Wing stall conditions Jre computed on each wing 
side individuully based on !lOA and tip roll rate. 
~ide fot·ce dtJe Lo rudJt:r· ctnJ 1 i ft fotce due to e1 e
va tor 2re modeled as geometric multipliers of yaw
ing moment due to rudder and pitching moment Jue 
to elevator respectively. Reductions in lift and 
a nose down pitching moment due to the absolute 
value of sideslip are also included. Thes~ values 
are 15 i1nd 10 pounds of 1 ift coefficient and pitc~.
ing moment respectively per degree of sideslip. 

The original a~rodynamic dJta S/W load was 
based almost exclusively upon wind tunnel data 
primarily obtained frow 1/10 scale model tests of 
tile A-10 in the NASA Langely 7xl0 ft HST and the 
Ames 12ft P\H. This data resulted in poor lift/ 
moment effects due to power induced flow particu
lJr1y ~·!ith seconrlary control surfaces, i.e., spPed
brake and flap deflectirn. Wind tunnel roll con
trol effectiveness for the cruise configuration 
was also excessive but identified and documented 
during flight test. Much of the flight test deriv
atives identified in AFFTC-TR-77-1 were incorpo
rated into the simulator; however, these deriva
tives primarily addressed the low angle of attack 
regim~ in ,J ~ruise configurat·ion. The side force 
due to aileron and normal force due to elevator 
were incorre~t an~ not incorporated; the lJteral 
accelerometer location had been mislocated in the 
computer derivative extr~ction program resulting in 
the incorrect side force derivative; wing to ele
vator center-of-pressure geometric constraints for 
CL.' computution had also not been entered i ·tu thP 
pruEram. The point in mentioning these data dis
crepancies is that the !1-10 aircraft program had a 
huge aerodynamic data base with inaccuracies and 
conflicting data which required considerable effort 
to determine and delete in order to arrive at a 
data base acceptable for trainer simulation devel
opment. Although~ huge data base existed, there 
were also considerable gaps that needed definition; 
some of these wPre: (1) external stores mass and 
inertial properties, and rack nnd pylon lociltions, 
(2) definition of control surface hingr; moment 
characteristics relevant to cockpit control forces 
duriiiCJ M.1nual Reversion Flight (no hydraulics). 

T.l.S_T_ !'J.FJl.19fJ..:~ 

This vlill be described in a broad sense relnt
in~ to test effectiven~ss and efficiency, Air 
~orce simulntor acceptnnce testing has trAdition
ally bef~ very t1~e constrained by comparison with 
aircraft ~~sting. In this regard, test managemPnt 
coupled with test planning and sequencing along 
with test techniques and data were very critical 
to tesi: occon•plishmcnt~. In reflection, insuffi
cient governmPnt involvement during contractor in
~lant testing of the first article and an ~bbrevi
ated Test Readines5 Evnluation ~rior to large seal~ 
~tart of government testing resulted in consider-, 
able misunderstanding between Air Force and the 
contractor ~uring subsequent A-10 simulator test-· 
ing, Also, Insufficient usc was made of TAC/Tcst 

Pilots during contractor inplant testir;; results 
during this period wer~ also not sufficiently doc
umented or remedied, In ~ddition, simulation pe
culiar test procedures for deter1nining system per
formance were not sufficiently detailed to allow 
effic;ent and large scale official government test
ing. Detailer flight performance was attempted 
prior to a ~horough computer ~ystems operation 
'·~eckout resulting in poor flight system test ef
ficiency. Many co~puter halts and dropouts were 
encountered which hampered the flight performarce 
evaluntion. 

TEST Ef)UlPMENT 

Calibrated force gages (load cells) were used 
by the government to calibrate S/W values for cock
pit control forces, A singlE eight pen stripchart 
recorder (SCR) was used to provide a continuous 
recorci of flight performance and dy~amics; a sec
ondary and somewhat unplanned evaluation fallout 
was its use in identifying sources of computer 
halts and interrupts. ~n X-Y-Y plotter was also 
used and was extremely useful in generating flight 
control gearing curves of force and position. The 
~otter graphically portrayed undesirable control 
force to position "ratchetlng" associated with the 
digital control system implementation. This an~
log test equipment was pr.o.vided drive signals by a 
S/W routine containing 120 internal ~omputer sig
nals; they were converted for display through DACs 
updated at 2Hz. Ad1itional test display aids were 
the primary cockpit instruments repeated on the 
instructor console, i,e,, ADI, altimeter, VVI, air
speed, and HSI; these instruments were also re
peated graphically on Sanders CRT display pages 
along with engine parameter bar graphs. This in
formation was very helpful in communicating and 
understanding pilot evaluations and concerns. 
There were additional CRT display pages that were 
very helpful fer the evaluation; a control par~m
eter page showing cockpit-control and surrace po
sitions and a fliqht parameters page listing 
weight, configuration, airspeed, engine, ~nviron
ment, and acceleration/rate/attitude response. 

Procedures and test results for simulation 
qualification w2re contained in a document called 
the Acceptance Test Document, For flight systems 
testing this document contained a large assortment 
of flight test results primarily obtained from two 
preprodur.tion A-lOA aircraft S/N 73-01665 and 73-
01667. (These flight test report results are ref
erences 1 and 2.) lhe test techniques used in 
~imulation testing paralleled flight test tech
niques to a large degree. F1 ight and simulator 
sideslip were done with steady heading rather than 

·wings level. For longitud·inal and laterill-direc
tional dynJmics, actual flight control surface 
sign~tures were dupli~ated and used to drive sim
ulator response. Freezing altitude during many of 
these te5ts reduced pilot workload and improved 
data correlation; this could be done without af
fectihg Lh~ calculation or display of velocity or 
attitude. Prior to these system performance tests, 
lengthy tests h~d to be performed to validate the 
environment, i .n., the atmospheric model, pressure 
sensitive instruments, and weight and balance. 
One-G stt11ls were detennined from SCR data Clf lift 
coefficient, G's and AOA, These AOA values corre
lated w~ll with a more eas11y observable VVI break 
on repeuter in~trumen~~ during one-G stalls. 
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Maneuvering stability and stall   pitch out were 
tested during windun turns at constant eirspeed. 
Post-stall  gyration, spin, and spin recovery were 
evaluated against specific flight time history 
signatures.    An attempt to replicate stall/post- 
stail  flight control  inputs were done manually with 
a control  input/stick box diagram and written ma- 
neuver descriptions. 

T ESJ_PROBLEMS 

A number of ner^ormanee differences were ob- 
served during testing of the Mo. 1 simulator unit. 
As a consequence of this testing, approximately 
1,500 te?jt discrepancies were identified, of which 
300 were against flight systems; of these, 40 per- 
cent were system logic errors, the remainder were 
system performance errors ranging frcm the manner 
in which rudder serve valves shutdown during a 
single channel SAS malfunction to the dynamic re- 
sponse of the VVI. 

Attitude Changes. Slow yaw, pitch, end roll 
control attitude changes were observed on instru- 
ments and the visual system following a controls 
free, careful one-G trim setup. The motion drift 
woS caused by fluctuating surface control positions 
from the LSI-11 digital control loader into FFLilL, 
the aerodynamics module, causing subsequent atti- 
tude changes. It was primarily solved by creating 
a S/W statistical automatic fine tuning "cop for 
trie flight control system in pitch, roll, and yaw 
to account for small varying null positions due to 
the hardware. This logic looks at stick and pedal 
velocity, and force over 64 sampling periods (less 
than one second at j sampling rate of 156Hz) then 
statistically averages the values and uses them as 
new and current bias and null forces for se^vo- 
value commands. A secondary fix involved a sepa- 
rate hold (clamp) circuit for the control surfaces 
to eliminate small signal disturbances. Stick 
position and stick rate, surface control and trim 
positions are used in the hold circuit logic. 
When these positions and velocity signals are with- 
in a small magnitude level, a new current trim 
position is used. 

Tracking,/Strafing. The pilot control workload 
associated with capturing and maintaining the Head- 
Up-Display (HUD) gun cross on the target during 
acquisition and tracking was excessive by compari- 
son with the aircraft workload required. This was 
an early recognized deficiency of the simulator 
which was also one of the last problems corrected; 
it was solved by deviating from design yaw stabil- 
ity augmentation criteria,  i'he design criteria 
called for an aileron to rudder interconnect (AR1) 
lain of .2 d> ,rees of rudder per degree übove 2*»U 
knots along with a yaw rate washout circuit of 
four seconds (4*/4$+U. This SEL computer circuit 
was modified during pilot evaluation to a fixed 
value at all airspeeds of .8 degrees per DPS for 
the ARI rale damper. This change not r.r.ly result- 
ed in clearing this discrepancy but also another 
characterized by excessive yaw and roll during 
final landing approach. This change appears to be 
a situation where .owe undetected (negative) char" 
acte-istu of the simulator wav corrected by an 
intentional deviation (negative) resulting in a 
(positive) acceptable perfortnai.ee result. Prior 
to shaking this change, the visual brightness of tho 
gun strafing target was poor and was subsequently 
brightened. This visual change reduced pilot work- 
load but was no? of a sufficient nature to pre- 

clude this yaw SAS change. 

Take-Off Rotation bpeeds. Two problems 
existed which, when recognized as being related, 
were both corrected with a single design change. 
The first was the minimum rotation speed at take- 
off which was higher than the aircraft. The other 
problem was an excessive pitch down with a throttle 
chop (the aircraft has negligible initial pitch 
change with throttle motion). A review of the 
software model engine 1ine-of-thrust and design 
data showed that the pitching moment associated 
with tailpipe curvature (4.i3 degrees up) hau riot 
been accounted for. Inclusion of this effect in 
the model solved both the higher rotation speed 
and the initial pitch up with a throttle chop. 
An adoed benefit was the readjustment tf Cmovalues 
back to magnitudes published in flight test re- 
ports. Prior to recognition of the tailpipe cur- 
vature effect, the flight values of Cmo had been 
considerably modified to correct trim elevator 
differences between the simulator and flight 
results. 

Pitch/Roll Sensitivity. This problem still 
exists to some degree on the simulator; it is an 
excessive attitude response for small pitch and 
roii control inpuib. Previous changes to the 
simulator have not corrected this issue; the 
aileron actuator model had been slowed down from 
\  50 millisecond first order lag to a 120 milli- 
second lag; in addition, aileron control surface 
aerodynamic effectiveness was reduced for deflec- 
tions under five degrees. Design data (wind tunnel 
and flight test) were generally lacking-only show- 
ing roll effectiveness for much larger control 
deflections. 

Flight Test-Simulator Recommended improvements 

In order :o improve simulator quality and 
test effectiveness, we recommend the following 
improvements in the data b^se: (1) SurTace au- 
thorities and maximum rates relative to airloads/ 
airspeed, (2) Identification of any control sur- 
face effectiveness reduction for small deflections 
(e.g., 3 degrees). (3) Cockpit control trim motor- 
transient characteristics relative to surface and 
stick motion (e.g., no. of clicks to fjll author- 
ity), (4) Flight control system damning and fre- 
quency characteristics for normal and degraded 
hydraulic and electrical power operation, (5) Post 
stall dynamics and departure characteristics, (6) 
Control response sensitivity tor the power approach 
configuration, (7) Flight test document expansion 
of written descrintions of aircraft peculiar char- 
acteristics even if the data base doe. not fully 
explain the phenomena, (8) Identification of con- 
flicting data between viable sources (flight test 
vs. contractor), and (9) Improved communication 
between the aircraft test community and the train- 
er simulation community. 

Ml 

The following recommendations are suggested 
in simulator ,*nd flight test methods to improve 
simulator efficiency and quality: (1) Combine 
AOA and control surface trim definition with speed 
power test during aircraft f1i9ht and simulator 
testing. (2) freeze simulation altitude while 
allowing accelerations, velocities, and attitudes 
to change-to reduce pilot, workload during speed 
stability, maneuvering stability and flight dynaw- 
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ics testss ('■*) Retter describe how flight test 
configuration trim changes are performed (e.g., 
constant attitude, power, altitude). There is an 
inherent, potential for simulation dynamic cue mis- 
match (e.c., visual, cockpit instruments, flight 
modules operating at different computational update 
rates) and fewer (than aircraft) cues available in 
a simulator. Because of this, additional cockpit 
instrumentation flight characteristics are re- 
quired. This cue data should be time tagged to 
normal aircraft rpsponse parameters (e.g., a video 
camera and recorder). We recommend a cyclic Boce 
frequency response test at fixed airspeeds. Flight 
test pilots should also "fly" the simulator as 
soon as possible to identify deficient areas. 

Rather than perform initial flight simulation 
testing in a segmented classical sense, we suggest 
that a few aircraft tests be performed speci fically 
structured for simulation use. These tests would 
be combined expanded functional check flight Com- 
plied with operational scenarios with a fully in- 
strumented aircraft containing pilot voice record- 
ing and a video recorder for instrument response 
information. This same test profile can then be 
flnwn on the simulator in the same manner again 
recording pilot comments and measuring simulator 
performance. A method of this nature would allow 
early identification of significant simulation 
flight system deficiencies. 

PLANNING METHODS 

Air Force acceptance of first Article Simula- 
tor Systems has been lengthy with unplanned exten- 
sions of test schedules because of the unantici- 
pated large number of serious Test Discrepancies. 
This problem can be minimized if certain concepts 
are emphasized such as: (1) Providing briefings 
of system operation and flight characteristics to 
contractor personnel, (2) Showing, and possibly 
demonstrating, the aircraft to contractor person- 
nel , (3) Identifying data base milestones within 
the contract, better organize the design documents, 
especially their accuracy, currency, and complete- 
ness, (4) Assuming that additional aircraft flight 
data would be necessary for design, thereby dedi- 
cating some flight missions for simulation data 
purposes, (5) Developing i  "prototype" flight 
sUtior as a design tool-between the User pilots 
and design personnel-for early correction of sys- 
tem operation and flight performance problems. 

TKANSfTR Or TRAIN INC, 

The Air force spends sizable sums of money to 
replica aircraft systems opention and displays, 
flight performance and dynamics, and C( "responding 
•KJtu.n ami visual c s. Questions arise concern- 
ing the need Tor tl  large design and cost effort. 
The authors relieve that high fidelity flight per- 
formance and dynamics are necessar) but not suffi- 
cient for high Transfer of Training. Some addi- 
tional and necessary factors are: (1) Training 
scenarios that reflect K\n  operational mission, 
(?) Induced psychological stress, and (?) Suffi- 
cient visual/motion cu 'S appropriate for a ta,k. 
If s/st.esr. traininj requirements are not cle Hy 
definer! by the USER, or misunderstood by the pro- 
curing agency, a trainer can easily be developed 
with capabilities not totally suited for training. 
Both the A-10 and f-]6 simulators have hiuh fidel- 
ity flight performance and weapons capabilities; 

however, a realistic ground attack or \isuai land- 
ing approacnes can hardly be udined poperly 
because of their single window visual systems. 
Without the oossibility of an accident occurring, 
it's difficult to obtain appr priate stress and 
workload levels. Minor system performance errors 
can have large impacts to positive transfer of 
trailing for new students who tend more t,% gener- 
alize s.ngle issues into poor total system perfor- 
mance. Transfer of training for the Manual Rever- 
sion flight now for the A-10 is expected to be less 
than desirable at mis Lime u-ecubc futCe/fccl 
characteristics for trim, configuration, and power 
changes do not sufficiently reflect -'he aircraft. 
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ABSTRACT 

-This paper discusses the Military airlift Commend's (MAC's) current and future aircrew 
training programs. Emphasis is placed on the aircrew training program structure, the use 
of simulation, and the benefits derived from simulations. The paper's purpose is to pro- 
vide a brief history of MAC simulation and discuss the command's training philosophy. 
Current programs and their problems are outlined with a brief look at MAC's future plans,s 

Aircrew Training devices in the Military Air- 
lift Command (MAC) are dn integral par. of the 
training programs. Wrthout simulation the over- 
all readiness of MAC's forces would be hindered 
in today's environment. Increased fuel costs and 
decreased flying hours make additional aircraft 
training difficult. Simulation must, be used to 
Fill the void. 

Thp mission of the Military Airlift Command 
is to maintain the military airlift system and 
services in a constant state of readiness. It 
must be able to respond immediately to any loca- 
tion on the globe. In order to maintain this 
state of readiness, an effective aircrew training 
program is essential. Since the ear'y '50s, MAC 
has relied heavily on flight simulation in train- 
ing its aircrew?. As t»,e simulation industry 
evolved, training programs took advantage of the 
advances. Today simulation is essential to MMC'S 
readiness. Train:Tg programs are structured 
using the instructional systems development (ISD^ 
approach to produce efficient and effective pro- 
grams. This produces a nix of classroom, learn- 
ing center, simulator, and flying activities. 
Beyond training critical emergency procedures 
whicn cannot be trainer1 in the aircraft, crew-: 
receive training in crew coordination, normal 
procedures, noncritical emergency procedures, at J 
instrument flight through simulation. The *ime 
logged in tl : simulator is credited toward ini- 
tial qualification and currency in MAC aircraft. 
Simulation allows KAC to effectively perform its 
day-to-day and wartime mission with increases 
efficiency in c^ow performance dnd savings in 
fly inn hours. 

MAC's airland "iv-sion is similar* 1.0 that of 
the curwiercial airlines, therefore, their train- 
ing programs arc also similar. In addition, '1Ai 
has an addition-»! air refuels g and <J tactical 
low level/airdrop mission which have unique 
training requirements. Although the mission is 
similar, the expedient..' level o*' tne av raqe MAC 
studiM-»; is much lower than that of the average 
airline ituO'eni. The average KAI Cüpil ü btudr-nt 
h»s just *inished undergraduate pilot training 
4''Q **■*■>> appro«. ir«>»tely \b0 to Ü'JG hours, T?ie 
nomal f»ir~ratt ».onmander Ofdid^te usually ha-. 
lOOxJ *< '.äÜU hours which is much lu^er t?uv the 
averjgi jirl»»e captain candidate. 

HISTORY 

In the early 50's, the Military Air Transport 
Service (MATS), the forerunner of MAC, used 
flight simulators to train transport aircrews 
MATS' first simulator, a C-97 aircraft flight 
simulator, was delivered on 15 October 1952 and 
became operational on 1 December 1952. By June 
of 1953, MATS had one C-124 ana three C-97 "flight 
simulators operational at its West Palm Beach 
international Airport facility.. Training nuuts 
in these simulators were substituted for a por- 
tion of the tote"! flying hours required to train 
students in these aircraft.-(1) In addition to 
initial and upgrade training, the Continental 
Division (responsible for this training) was 
tasked to establish simulator refresher training 
courses in the C-97 and 1-124 for the entire com- 
mand. These courses were to be used to provide 
training for operational aircrews. The training 
was designed to standardize procedures and teach 
additional emergency procedures which could not 
be accomplished during actual flight 
operations. (2) 

The first aircrew training courses were more 
cr less experimental in regard U the mix of air- 
craft and Simulator time. The simulator proved 
to be a valuable supplement to the aircraft for 
aircrew trai'iing. But the questions of fre- 
quency, puroose, and the manner in which the 
simulator should oe u.,ed had not been fully 
explored. 

[ra i_tntu; Et fet tj_veness itu dy 

*o partially answer some of the questions 
concerning the use et simulators, the fi«s! 
tra"nincj effectiveness study for- MATS »as con. 
ducted by ihe Crew Research Laboiattry 0* the Mr 
Research and Development Comand.. This stud/ was 
undertaken to compare the effectiveness of vari- 
ous typ's of transition train',-..; for the C-y/. 
Ihri-L' different mixes of aircraft, and simulator 
tin*'   *•?»•   evaluated   along   with   three   different 

craft, niMHl, >ifO after aircraft. (3) The major 
finding», were: 1) the low a 1 ♦, ra* t < h 19h simu- 
iato1 time condition was dearly ■inU-rU" tu 

uthe"' loiidit i«>t;S fo«- stuaenl a 1 rcf af t ccwiaricu »- 
i')     '.h«<     simulator     first     sfiiueno     w.v      cleu'l» 
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superior to other sequences 3) the study further 
concluded that a relatively equal nix of simu- 
lator and aircraft time not only proved to be the 
most cost effective, but yielded the same profi- 
ciency results as training with more aircraft and 
less simulator time.(4) A similar study was con- 
ducted for the C-124 aircraft and yielded like 
results.(6) 

Since these Qarly days of crew training at 
West Palm Beach, simulators have played a key 
role in MAC's overall training program. As a 
command, MAC has always operated with simulators 
as a means of reducing actual aircraft flying 
training time. However, it is difficult to doc- 
ument any savings because the command never oper- 
ated without simulators. 

The majority of MAC's existing training pro- 
grams are based on those programs developed in 
the early 70's and utilize simulators procured in 
the early 60's. These programs and devices met 
MAC's needs in the past, but the operational mis- 
sion and training tasks must change to meet MAC's 
ever changing combat role. The need exists for 
MAC to enhance its aircrew training by using 
improved training techniques and fully exploiting 
aircrew training devices. Effective training 
devices must be acqu.red to meet the command's 
trcning needs. 

COMMAND PHILOSOPHY 

The Military Airlift Command's aircrew train- 
ing goal is to provide an efficient, individual- 
ized training program. To accomplish this goal, 
MAC has acquired aircrew training devices (ATDs) 
ranging from basic lockups to full mission simu- 
lators. The programs are structured so that 
students progress from the simple devices through 
the most complex trainers before going to the 
aircraft. Students must demonstrate proficiency 
in one phase prior to moving to the next phase. 

MAC began applying Instructional System 
Development (ISD) methodology to its flying 
training programs in Feb 72, This management 
teennique has resulted in the identification and 
procurement of numerous synthetic training 
devices which were essential to improve the 
quality of training while reducing training 
costs. 

Trd ininc] Devices 

Aircrew training devices as described ir; APR 
SO-11 fall into several categories. MAC', use of 
these irteractive devices is detailed as follows: 

Hoc klips <tnd Pa rj_ Task 7ra iners are simp11f ied 
representations of iTrcrau «ysttrs or component 
parts. They «ire used to: 

a. Introduce and train specific procedures 
and Ici^kS 

b. FföOtarije and demns träte spe<ific 
system operations. 

c. Practice ^nd evaluate  simple tas»s. 

Cockpit Procedural Trainers are training 
devices which provide the student with a realis- 
tic cockpit environment in which most of the sys- 
tem controls and indicators operate properly. 
These devices are  used to: 

a. Provide initial, continuation, and reme- 
dial training in normal, alternate, and selected 
emergency procedures which do not result in sig- 
nificant flight dynamic problems. 

b. Provide initial and recurring training,in 
ground emergencies, interior preflight, and aux- 
iliary power unit operating procedures. 

c. Provide loadmaster training in the opera- 
tions of cockpit controls where required (doors, 
power units, etc). 

d. Provide maintenance crew engine runu) and 
troubleshooting procedural training. 

Instrument Trainers provide a realistic cock- 
pit and controls with an operable navigation sys- 
tem and aerodynamics package to a1low students to 
perform instrument maneuvers. These devices are 
Ubed to: 

a. Teach general techniques and procedures 
for instrument flying. 

b. Maintain instrument proficiency of per- 
sonnel assigned to fly other than primary mission 
aircraft. 

c. Augment flight simulator training 
programs. 

d. Supplement aircraft training of pilots; 
maintaining proficiency in instrument flying. 

e. Provide any other special training deemed 
necessary by local commanders. 

Flight Simulators are fully instrumented 
advanced training devices which provide full sys- 
tem logic. The operational flight trainers nor- 
mally do not have a visual system whereas the 
weapon system trainers do. These devices are- 
used  tc: 

a. Fully train coordinated aircrew perform- 
ance in dynamic scenarios which require proper 
prioritization or management of cockpit actions. 

N. Train normal, alternate, or emergency 
procedures which cannot be trained in the air- 
craft due to lack of control of the environment 
(crosswinds, ceiling, visibility, pressure alti- 
tude, temperature, wind shear, etc). 

c. Train proficiency and required alternate/ 
emergency procedures which pose a significant 
flight dynamic control problem thai cannot or 
should not be performed in the aircraft due to 
safety considerations (i.e., runway aborts, two- 
engine approaches, eneryency descents, stalls, 
etc. ). 

d. Acccrplish required proficiency maneu- 
vers, trai iiny tasks or currency events for which 
the ATD is certified. 

«?. Conduct aircrew chemical warfare 
training. 

f. Conduct electronic warfare training. 
g. Conduct required flight evaluations t< 

trie e*teet the ATD ii LCI L i i »eu. 

ICd'nin£ Device Use 
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In order to have the devices available to 
accomplish all required training, we have estab- 
lished the following priority guidelines for the 
use of all MAC aircrew training devices: 

a. Research of flight safety items. 
b. Remedial training. 
c. Annual refresher training. 
d. Special qualification training (i.e., air 

refueling). 
e. transition/upgrade training (except in 

designated formal schools where this is the high- 
est priority). 

f. Proficiency training (practice and cur- 
rency "event" accomplishment). 

g. Maintenance crew training. 

The guidelines have been established based on 
historic simulator use and current instructional 
technology. Aircrew training devices are essen- 
tial in providing an effective combat ready MAC 
crew member. 

To insure that sufficient; time is available 
t.r maintenance support, the maximum usage of 
older ATDs is 16 hours per day, 330 Jays per year 
or 5280 hours annually. On newly procured 
devices, the maximum use is 18 hours per day, 330 
days per year or ")9<U hours annually. Tne 
increased reliability of the new ATO's allows 
them to be used more than the older ones. 

CURRENT PROGRAMS 

MAC currently possesses 26 flight simulators 
(operational flight trainers or weapon system 
trainers), 12 cockpit procedural trainers, two 
instrument trainers, and numerous part task 
trainers. These training devices are used in our 
C-5, C-Ki, C-130, C-135, HH-53, and CH-3 train- 
ing programs. Additionally, MAC contracts for 
simulator time to support the C-6, C-i, C-12, 
CT-39, C-137B and the C-140 aircraft training 
programs. C-5 and C-141 initial air refueling 
training is also contracted on an interim basis. 

Initial Training Program 

MAC is committed to the concept of a central- 
ized training facility to conduct the majority of 
its aircrew training. This concept provides a 
standardized product in the most cost effective 
-eans and now includes the basic engineer, air- 
crew instructor, airdrop, air refueling, and tac- 
tical low level/formation training as well as 
initial qualification training. 

All MAC furmal schools a-e similar. Tiey 
consist of academic, simulator, and flying 
phases. The time at each schcol varies according 
to the aircraft and crew position. The academic 
phase consist' of programmed classroom lectures, 
seminars, ■ lf-paced instruct'on, and the use of 
syntnetiL t 'aVncfi. The lJ '"*.;:liter phifo ':■' 
twining includes simulators with motion system 
and visual systems. These devices allow the stu- 
dent to be taught, practice his skills and then 
be evaluated on his performance prior to advanc- 
ing to the flight phase. Wie simulators row in 
use bv MAC are limited in the scope of ta\»s they 

Can train. The aircraft is used to complete the 
training and to allow the student to gain self 
confidence in the operation of an aircraft. Stu- 
dents graduate qualified to perform the MAC mis- 
sion with a minimum of local orientation training 
upon arrival at their operational unit. 

Continuation Training Program 

Continuation training is a program that con- 
sists of required flight currency events, block 
training and simulator refresher/proficiency 
training. Wing learning centers provide aircrews 
their annual review of grouno. training items 
using slide tape, video tape, and hands-on train- 
ing programs. Aircrews are also required to 
maintain their currency by performing a specific 
number of currency events .i.e., nreoision 
approaches, landings, etc.) within specified t^me 
periods. 

Annual Simulator Refresher Training program 
is similar for all aircraft and is required by 
Air Force and MAC regulations. A typical 
refresher course lasts 5 days and normally con- 
sists of 20 simulator hour.,. Each day crews fly 
a 4-hour mission representative of a typical MAC 
route. 

The fifth day of the refresher course is nor- 
mally a standardization evaluation flight. On 
all missions, the pilots change sects at the erd 
of the first 2-hour segment. During the mission, 
which is usually run without mU'on freeze or 
repositioning, the crew is confronted with vari- 
ous situations which require crew coordination 
and Gecision making. The instructor on these 
missions controls the pacing of the mission as 
well as the content (within prescribed guide- 
lines). He guides the student, when necessary, 
through the situation with immediate feedback, 
alternate actions, and then follows up with * 
post mission debriefing. 

During the week-long course, all aircraft 
systems are covered. The student must be able to 
operate the system, recognize malfunctions, ana- 
lyze the problem, and take the appropriate cor- 
rective actions. Numerous realistic malfunctions 
and emergencies are presented. Additionally 
varying instrument situations, including category 
!I ILS training in tne C-141, are included. This 
training not only includes minimum visibility and 
ceiling approaches, but other weather ^henowru 
such as low level wind shear. 

In addition to the actual time spent in the 
training device, each mission includes a 2-hu^r 
premission br'efinn. This briefing is controlled 
by the instructor, but normally is more of a dis- 
cussion than briefing. It covers the systems and 
procedures to be presented on that mission. Fci- 
Inwinn ?hp mic^'.nn. i dphriefinu ot the m.Mor 
points of the mission ar«- covered by the instruc- 
tor. At, this point the Sw-dents have a further 
opportunity to discuss iy^tens, procedures, and 
dlternato courses of action for varying 
situations. 
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Simulator Proficiency Training program is two 
to three days in length and provides 8 to 12 
hcurs of simulator time. It concentrates on mis- 
sion training and skill maintenance. For stra- 
tegic airlift, the course is tailored to exten- 
sive instrument training. The tactic?! airlift 
course will use the fidelity of the new C-13Ü 
operational flight trainer (OFT) to train station 
keeping and airdrop procedures. The training 
potential of the single C-130 weapon system 
trainer (WST) is currently being explored to pro- 
vide visual fon.iätion, low level navigation and 
visual airdrop training. 

In the mid 70's, MAC decided that some maneu- 
vers performed in the simulator could be substi- 
tuted for aircraft required currency events. A 
subjective certification of each device was con- 
ducted. It was determined that aircraft required 
approaches could be replaced by instrument 
approaches performed in the simulator. During 
this same time period, credit was given for all 
simulator time logged in computing upgrade 
requirements. 

S1MCERT 

T,      *U->      ... - J      T>I - r„__.. - - .. .L U..^ —u      +u~      A-;*, 
in     cue     in i -i     i yj    a,     v<uiiyi csi t      nifuuyn     Lire     nil 

Staff, directed that each command establish a 
program to insure that training devices being 
procured were used effectively. The Air Force 
simulator certification (5IMCERT) program was 
established to implement chis directive. The 
purpose of the SIMCERT program is to ensure that: 

a. The training capability of each aircrew 
training device is defined in order to be effec- 
tively integrated into the proper aircrew train- 
ing program. 

b. All ATDs receive update modifications as 
required. 

c. All ATDs continually perform according t) 
set stan<Jjrds.(5) 

The MAC SIMCERT program meets the staced 
criteria by conducting annual certification test- 
ing of each ATD. This testing uses tne contrac- 
tor developed acceptance test procedure as its 
baseline. In addition to testing the ATD, the 
SIMCERT team also evaluates the training course- 
ware to insure the capabilities of the training 
device are being effectively used. As new equip- 
ment is installed on the aircraft, the SIMCERT 
team evaluates the training requirement and 
recoMnw;,ds modification requirements for the 
ATDs, 

A SIMCERT team has been established for C-13Ü 
*TD> at LUtle Rock AFB, Arkansas. The C-b and 
C-14] SIMCERT team is located at Altus AFB, 
Oklahoma. Each team is composed of aircrew 
instructors and maintenance personnel. |n addi- 
tion to their other duties, the S1MCF.RT team is 
the command's design team ?or acquisition, mod- 
ification, development, and design reviews. This 
approach uiciudes the us« rs in tne design process 
at <>n early stige so that they r^y help identity 
or fjrther define the users' training require- 
ments.   Another benefit could be the early 

identification of trainer deficiencies and to 
provü'e user interface when program or scope 
changes are anticipated. 

Simulation Training Studies 

There are several ongoing studies being con- 
ducted on MAC simulators. A transfer of training 
study is attempting to determine the value of the 
C-130 General Electric visual system for low 
level navigation and tactical training. A per- 
formance measurement system is being installed on 
tne c-5 simulators at AUus to determine its use- 
fulress to the instructors. A proposed study of 
skills maintenance is of vital concern to MAC. 
As on interim measure, MAC is developing a study 
to determine the effectiveness of the Air Refuel- 
ing part task trainer and its skills maintenance 
potential. 

BENEFITS ÜF SIMULATION 

Through the years, MAC has greatly benefited 
from simulation in aircrew training. The major 
benefit derived is increased proficiency cf c- w 
members. They are able to develop and practice 
their cockpit management skills when placed in a 
t,ÜJ»s IWUVJUU j  I  bUUllull. ''iLjr null. yu  iHCU 

increased systems knowledge and the simulation 
allows the crews to better understand the air- 
craft's limitations and evaluate mission capa- 
bilities in a degraded mode of operation. The 
capability to contro'. the aircraft, systems, 
environmental conditions, aircraft location and 
other traffic has greatly enhanced the probabil- 
ity of MAC aircrews adapting to an unusual or 
challenging situation. 

A second benefit o,' simulation is the ability 
to reallocate the training or mission resources. 
Using simulators to perform tasks that are tii-ie 
consuming, require extensive preparation or spe- 
cific resources allows valuable flying time tc be 
reallocated. This time can then be used to con- 
duct additional training or satisfy mission 
requi rements. 

A third benefit is that of flight safety. 
There dre numerous risky maneuvers that ire per- 
formed in train.ny that place the aircraft near 
the edge of its performance ervelone. Usinq the 
simuldtor to initially train and practice these 
maneuvers on a routine basis will reduce the risk 
to a crew iird their aircraft. By using the simu- 
lator, the conditions can be controlled, the stu- 
dent receives practice dfui can be evaluated at no 
risk to those involved. 

Another benefit of simulation is flying hour 
avoidance. Although secondary in importance, it's 
often viewed as the primary benefit by many, 
especially in today's ea>no*ny. Simulation can 
save valuable aircraft oau'S, fuel, and operating 
costs. In 1983 MAC estimates that the followirg 
additional hours would he required to maintain 
the same level of aircrew proficiency .f simula- 
tion were not available: 
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C-5 
C-141 
G-130 
HH-53 
CH-3 
C-135 

Total 

942c houi ■> 
24356 hours 
1913 hours 
714 hours 
1087 hours 
276 hours 

37774 hours 

These hours represent approximately 70 mil- 
lion gallons of jet fuel. The total dollar sav- 
ings WUUIM ue apyr cA Imalt:ly $29^ Rliillöfi. 

When all C-130 OFTs are fully operational we 
estimate an additional flying hour avoidance of 
6385 hours. This will save 4.8 million gallons 
of jet fuel and a total of approximately $11.1 
mil 1 ion per year. 

In terms of the learning process, Simulation 
has many benefits. The benefits described above 
are the primary benefits to MAC. The overall 
bottom line is that simulation allows MAC to pro- 
vide highly qualified crew members trained to 
perform the MAC mission. 

FUTURE PROGRAMS 

MAC;s goal is to develop a total instruc- 
tional system that will provide aircrew personnel 
a continuum of training from entry into the 
career field through to a fully qualified 
instructor status. In the future, crew members 
should find a well rounded, complementary program 
in the initial, continuation and upgrade training 
programs. Most training items will be thoroughly 
learned on the ground and validated in the air- 
craft. The training system should include learn- 
ing centers, an effective family of aircrew 
training devices, and aircraft. 

To meet this goal, future aircrew training 
device acquisitions will follow the philosophy of 
acquiring a family of training devices to allow 
training in a  "building block*' fashion. 

The newest program is tne acquisition of 
seven C-5/C-141 dir refueling part-task trainers 
(AkFTT). The APo°TT will be a generic cockpit to 
train the pile's in air refueling. The specific 
task will be from the pre-contact (approximately 
500 feet behind the tanker) position through 
hook-up and oisconnect from the tanker, Tnis 
system must include a wide field-of-view, high 
fidelity visual system. The trainer will be uied 
for both initial crew ijualific.stiun and '.'freshet 
training tor qualified crews. An ARPTT that 
meets MAC's requirements has the potential tor 
great savings and improvements in airvrew train- 
ing. The savings are associated with the c,oal of 
jn all air ref ueiing force and i ts ie1 a ted t ra1n- 
ing requirement.'., "here is an insufficient num- 
ber of tankers to .upport the currency require- 
ments and by using the ARP1T, MAc will be able to 
maintain a fully qualified air «efueling force. 

Both the H-'JO helicopter program and the next 
transport program have requiiements fur a family 
of  training  devices:    procedure trainers. 

operational flight trainers (simulator without 
visual) and weapon system trainers (full mission 
simulator with visual). 

MAC also has plans to refurbish the existing 
C-5 flight simulators in conjunction with the 
procurement of the C--53 ATD's. Currently, the 
C-141 and C-135 simulators are on contract for 
complete refurbishment. These programs shou^ 
produce trainers that will be logistically sup- 
portable to* years to come. 

The Command is also determining the useful- 
ness of Special Function Part Task Trainers to 
train and update aircrew's knowledge and profi- 
ciency levels. These are interactive computer 
b^sed training systems that can be used to simu- 
late new aircraft hardware or equipment modifica- 
tions. In addition, the systems can be used for 
student management, administrative support and 
data gathering. 

Line-oriented flight trairing (LOFT), used 
by many airlines, can be very beneficial to our 
training system. MAC's programs have aiway" been 
hasci upen 3 realistic mission nrofile but thQw 

continue to be very task saturated. The profi- 
ciency programs are being revised to incorporate 
the LOFT concept. The missions will be struc- 
tured to require the aircrew to make decisions 
and take appropriate actions based upon mission 
requirements, aircraft operations and existing 
conditions. The instructors will control the 
conditions, monitor progress and evaluate the 
training needs of the students. Instructors 
normally hold their comments and critiques till 
the mission debriefing. Additionally, we envi- 
sion more specialized training for each crew 
position tailored to the individual's experience. 

The future of simulation in the MAC programs 
is bright. Plans are to continue the use of sim- 
ulation with an increased emphasis on individual- 
ized training. 

PROBLEMS 

MAf.'s aircrew training device programs art 
not without problems. Some of these problems 
nave been in the command since 1953, and solu- 
tions still are  not readily available. 

Trie majo'" problem facing the day-to-day 
training operation is inadequate manpower. 
Although increased instructor authorisations have 
been identified as c valid requirement, funding 
for these authorizations h;> not bee1 approved. 
This requires the use of "on-li/an" '.e.st'uctors 
fron airlift squadrons to fill the snorttaP, 
which is detrimental to u.e squadron's, training 
program. 

The lengthy acquisition process for ttcw 
training devices presents a second probiem. 
Training requirements are identified, eviluated 
end reeds are established through ^\r Force chan- 
nels. Ten y^wrs may ,.iv> before tne device 
actually arrive*. A prime e«ample of thn   the 
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new C-13G flight s imu Idtor. The original 
requirement was written in 1971. The acceptance 
of the first of 10 devices was in 1981. 

The problem also exists when modifying or 
upgrading training devices. Some progress has 
been made towards resolving this lengthy proce- 
dure. !n the past the simulator configuration 
lagged that of the actual aircraft. Changes in 
Air Force regulations and improvements within the 
Ogden Air Logistics Center (simulator deput) and 
MAC have brought the simulator configuration 
closer to that of the aircraft. Expedience indi- 
cates that close cooperation between the user 
(MAC) and the depot (Ogden) significantly reduces 
this pro*>Tern. 

Defining user requirements in terms under- 
standable to the acquisition agency has long been 
a problem. The translation of user requirements 
into an engineering specification produces varied 
results. As far back as 19S3 when MATS was 
attempting to acquire a C-118 flight simulator-, 
"certain differences of opinion" between MATS and 
the Air Research and Development Command occur- 
red. (6) The samp i«; tniP today. A better means 
of communication still needs to be devised. 

Problems also occur after a contract is 
awarded for a new device. As the design pro- 
gresses, certain tradeoffs must be made. Many 
factors affect these tradeoff dec"sionc. Often 
neither the user nor the acquisition jgency is 
involved until the decisions are fi M. This 
often results in schedule slips, cost overruns, 
or decreased capability. The user must wait 
until the device has completed acceptance testing 
before he car, develop a training program utilis- 
ing the device's capabilities. The continuing 
uncertainty IT delivery dates and training 
capabilities continue to be of concern to MAC. 

CONCLUSION 

The Military Airlift Command is proud of iti 
aircrew training programs, By effectively usint; 
a family of ATDs, simulation ras proved to s* 4 
nic"t effective training tool. With it, MAC is 
able to produce quality aircrew members beginning 
with the initial qualification programs and the« 
;na?ntairung their readiness in the operational 

environment, Simulation qreatly enhances this 
capability and results in significant savings to 
the Air Force. Heretofore, MAC has not had ade- 
quate ATDs to train such tasks as air refueling, 
instrument and visual formation, tactical low 
level navigation, airdrop and as^ult operations. 
The anticipated advances in technology and the 
continued use of simulation with an increased 
emphasis on individualized training will allow 
MAC to effectively train these and other tasks. 
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VTXTS is th; totally integrated training system designed to satisfy the U.S. Navy's 
undergraduate Jet Flight Training requirements for the 1990s ana beyond, lhe acquisition of 
the VTXTS to replace the current Intermediate and Advanced Strike Flight Training programs 
of the Naval Air Training Command will climax several years of intense effort on the part of 
the Na al Air Sytems Commands, McDonnell Douglas Corporation and the ultimate user, the 
Naval :-ir Training Command. VTXTS is one of the first major defense acquisitions wherein 
the entire training system is being designed, developed and produced by a single 
contractor. This process is affording the Navy the opportunity to explore innovative ideas 
and advances in technology in all areas of the training system. 

-In this paper we will demonstrate how the operational and instructional inputs by the Chief 
of Naval Education and Training (CNET) and its major functional command, the Chief of Naval 
Air Training (CNATRA), have been and will continue to be significant factors in ensuring 
that VTXTS will be responsive to the needs of the Navy for a state-of-the-art jet training 
system through the next twenty years.. 

BACKGROUND 

The Naval Air Training Command :>a: been 
training highly skilled and qualified aviators 
for the fleet for decades. In recent years the 
flying skills and tactical knowledge required of 
th? newly designated aviator as he moves to his 
fleet assignment have advanced to a level 
undreamed of in years past. The unique and 
demanding requirements of carrier aviation have 
jlways been reflected in the training 
methodologies of the Naval Air Training Command, 
and the training system has continually been 
revised and updated to reflect the current fleet 
needs. The structure of the Navy's Undergrad- 
uate Pilot Training Program has also changed to 
meet the current needs of each era. The Naval 
Air Training Command utilizes separate training 
"pipelines" for different aircraft missions. 
With this pipeline concept, separate training 
systems are established for three general 
aircraft mission types: tactical or strike 
aircraft, multiengine aircraft and helicopters. 

Student Naval Aviators (SNA) for the Navy, 
Marines and the Coast Guard enter the Naval Air 
Training Command from a variety of sources 
including the U.S. Naval Academy. The Coast 
Guf'rd Academy, College RO'C programs and both 
Navy and Marine Corps Officer Candidate 
Schools. They are trailed within the Naval 
Integrated Flight Training System (NiFTS) which 
begins for all students with Preflight at the 

f.jval Aviation Schools Command in Pensacola, 
Florida. After Preflight the Student Naval 
Aviators begin their flight training in a common 
Primary phase flying the T-34C aircraft. At the 
completion of Primary flight training, students 
are selected for one of three Intermediate 
training pipelines, strike, maritime (multi- 
engine) or helicopter. Students in the strike 
pipeline fly the North American T-2C twin engine 
jet tor Intermediate phase and the McDonnell 
Douglas TA-4J for Advanced. The VTXTS will 
replace these two aircraft with a single 
aircraft and a totally integrated training 
system for the strike pipeline. 

CONCEPT 

VTXTS is a totai training system, competed 
of a jet trainer aircraft, a suite of simula- 
tors, academics, and a computerized training 
management system. Kiese four elements are 
integrated into mutually supportive building 
blocks which enable the Student Naval Aviator to 
meet the training requirements in the most 
effective and efficient manner. The VTX faming 
system is the functional integration of these 
building blocks withi.i a working process. This 
integration is shown schematically in Figure 1. 
The ongoing evaluation and coordination of this 
functional integration by CNET as well as by 
CNATRA will ensure that the final product of 
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this system, the designated Naval Aviator, will 
meet the needs of the fleet. It will also 
ensure tfta;. fleet feedback is promptly evaluated 
and appropriate revisions to the training system 
are effected. VTXTS is one of the first major 
defense acquisitions wherein the entire training 
system is being designed, developed and produced 
by a single contractor and procured by the Navy 
as a fully integrated system and program 
package. This process is affording the Navy the 
opportunity to explore innovative ide^s and 
advances in technology in all the elements of 
the training system, not just .n the area of 
aircraft design. The acquisition process is 
also providing an exceptional opportunity for 
the immediate using command, CNATRA, to provide 
continual and ongoing inputs throughout the 
design and development cycles. The fact that 
the eM product of this acquisition is a 
craining system, not a weapons s>stem, has 
facilitated the exploration of new and inno- 
vative ideas in training equipment, metnod- 
ologies, and advanced training technologies. A 
key task of the prime contractor is to include 
the operational inputs of the using command in 
the integrated design engineering development 
proc^'-s. The end objective is a working system 
that provides the required training levels and 
rates over a ?0 year program at the lowest cost 
to train. 

Any discussion of user input to the VTXTS 
should include a description of the relationship 
between CNET and CNATRA. Since 1972 CNET has 
been responsible for all formal Navy training. 
CNATRA is one of several functional commands 
under CNET and draws on the assets cf the CNET 
staff for many areas of technical and training 
support. Some of CNET's other functional 
subordinates include tne Naval Training Equip- 
ment Center (NTEC), the Navy Recruit Training 
Command, the Chief of Naval Technical Training 
(CNATECHTRA) and the NROTC Command. 

The formulation of the VTXTS concept began 
in the mid-1970s when CNET directed CNATRA to 
conduct the initial Undergraduate Pilot Training 
(UPT) Task Analysis. The purpose of tnat UPT 
Task Analysis was two-fold: first, to verify the 
existing training procedures and curricula, and 
identify any deficiencies, and second, to apply 
these findings to whe training program m 
achieving the required modifications and 
improvements. The results of this task analysis 
were published in the Phase I and Phase II Task 
Analysis Reports. This UPT Task Analysis initi- 
ated the participation of the CNATRA staff in 
the acquisition process for the VTXTS. It has 
been this participation at each step in the 
conceptualization and design process that will 
help to ensure that the VlXTS will meet, the 
needs of the using commands. 

The thread of CNATRA's active partici- 
pation in the VTXTS p. ocess continued when the 
Chief of Naval Operations (CNO) requested 
industry participation in conceptual design 
studies of an Advanced Navy Jet Trainer. A 
competitive solicitation was conducted to obtain 
ideas, approaches and conceptual designs 'or 
this aircraft. The Naval Air Development Center 
(NADC) contracted with four aircraft manufac- 
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turers, McDonnell Douglas Corporation, General 
Dynamics Corporation, Northrop Corporation and 
Veught Corporation for the conceptual design 
studies. Briefings and dialogue with the tour 
contractors established a definite nepd to 
address all elements of this total training 
system rather than just the aircraft. Both CNET 
and CNATRA had been very active in the early 
efforts leadinn up to these studies. In 
addition to the UPT Task Analyses that CNAlkA 
had conducted, the Naval Training Equipment 
Center had completed the Training Situation 
Analysis (TSA) specifically for the VTXTS, in 
which various training media required for a 
state-of-the-art training system were ad- 
dressed. The baseline requirements of the 
system used by the four contractors in their 
technology studies were based on discussions 
with the Naval Air Training Command staff and 
instructor pilots. VlXTS workshops were con- 
ducted at CNATRA in preparation for the technol- 
ogy base studies and the contractors had access 
to tne Task Analysis Reports, the TSA and the 
then-current N1FTS curriculum. At the comple- 
tion of these technology base studies, an 
analysis team was established to review and 
sunimanze the results of the st.aies. CNET and 
CNATRA were again heavily involved in the review 
process. Members of the CNE.r and CNATRA staffs, 
as well as Subject Matter Experts (SME's) from 
Training Wings Two and Three were included on 
the analysis/review committee. The review 
committee assessed the study data in various 
dred. including methodology, concept options, 
effectiveness measurement and cost. 

In March 1979 the Mission Element Need 
Statement (MENS) for the VTXTS was signed by the 
Secretary of Defense signalling the formal 
initiation of the VTXTS progran,. Under 0MB 
Advisory Circular A-l>°9, the Mission Element 
Need Statement formally establishes the need for 
the sysUn involved and signals Department of 
Defense concurrence. The signing of the MENS is 
Milestone zero in a specified series of deci- 
sions by the Defense System Acquisition Review 
Council (DSARC). Following the issuance of the 
MENS, a Request for Quotation (RFQ) was lssueo 
for the Alternative Systems Exploration studies 
in December 1979. Once again, CNATRA partici- 
pation in the acquisition process was evident. 
CNATRA assembled a team composed of CNATRA VTXTS 
Special Projects members, representatives of the 
training wing staffs and instructor pilots from 
the training squadrons. In conjunction with the 
CNET Educational Specialists, this teai.i devel- 
oped the Terminal Learning Objectives fTLU's) 
tor the VTXTS. The 87 TLO's provided the means 
to define the specific goa'.s of v.r. VTX training 
systen,. The TLO's describe flying ski IK that 
the student pilot will be expected ?;o demon- 
strate prior to the completion of the VTXTS 
curriculum. CNAlkA staff members also presided 
operational inputs to the Naval Air Systems 
Command (NAVA1R) for the Constraints and 
Guidelines section ot the Request for 
Quotation. As a result ot this lompetitive 
solicitation, six contractors were awarded 
contracts for Alternative Systems Exploration 
^ASE) studies. These six-month studies enabled 
the contractors to complete in-depth analyses 
and trade studies on the varied aspects of 
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the training system requirements. Within the 
limitations of the MENS, the RFQ Constraints and 
Guidelines, and the TLO's, each contractor was 
abl2 to propose its own training system includ- 
ing recommendations for the allocation and 
arrangement of the system elements. 

As the acquisition process was originally 
established under the provisions of 0MB Advisory 
Circular A-1Ü9, The Naval Air Systems Command 
was to evaluate the ASE studies and select one 
or more contractors tor continuation into the 
following acquisition phase, Demonstration/ 
Validation (DEM/VAL). The DEM/VAL phase was to 
be a risk reduction process in which the 
contractor would develop selected portions of 
the proposed training system for demonstration 
and validation of the concept. In November 1981 
the McDonnell Douglas/British Aerospace proposal 
was chosen in the source selection as the 
winning entry. With the narrowing of the 
selection process to a single contractor team, 
the concept of a DEM/VAL phase has changed to a 
Pre-Full Scale Development phase, Pre-FSü. The 
Pre-FSD phase will be followed by the Full-Scale 
Development and ultimately the Production phase 
of the VTXTS acquisition. As the VTXTS acquis- 
ition process continues, a cooperative working 
relationship will be established between the 
contractor, McDonnell Douglas Corporation, and 
the using commands, CNET and CNATRA. The 
beginnings of this working relationship that 
have evolved after the source selection are 
helping to ensure adequate user input to the 
training system in its design phase. In the 
future, the benefits of this early user input to 
the development process will be even greater. 
By the early integration of the end user's 
requirements into the training system develop- 
ment process, the resultant system will reflect 
more accurately the real needs and requirements 
of the users. 

PROJECTICNS 

Early in the VTXTS acquisition cycle, 
CNATRA, as the primary using conr.and, estab- 
lished a VTXTS Special Project team. This group 
is composed of CNATRA staff personnel with 
extensive backgrounds in all areas of the Naval 
Air Training Command operations including flight 
operations, simulator instruction, academics, 
maintenance, facilities management c-nd general 
military training. The experience of this 
group, coupled with CNET's staff of instruc- 
tional technologists, enabled the using commands 
directl> involved with the VTXTS to provide the 
operational input that is so vital to the 
acquisition of a totally integrated system 

McDonnell Douglas Training Systems 
Engineers recognize the importance o* this 
operational expertise to the success of the 
VTXTS. Tne timely and proper utilization of 
that expertise as the system acquisition prog- 
resses will be a key factor in ensuring that the 
VTX training system will be responsive to the 
real world needs of the training command users 
in the late 198U*s beyond. 

CNET/CNATRA input to the development pro- 
cess is expected to be especially valuable in 

the areas of curriculum outline refinement, 
final definition of the simulator functional 
equirements and operational inputs to the 
raining Management Systesi (TMS). The final 

integrated academic, simulator and flight cur- 
riculum will oe a reflection of the total VTX 
system concept. It is essential that the ever- 
changing operational requirements as identified 
by CNATRA staff as well as training wing and 
training squadron personnel be integrated into 
the VIXTS curriculum to ensure that it is both 
operationally and instructionally sound. The 
Training Management System (TMS) represents an- 
other area where the user input will be espe- 
cially important. In the current NIFTS the 
individur1 squadron's schedules officer is a key 
to the successful flow of students through the 
curriculum. The schedules officer assembles 
information on stuGent and instructor availabil- 
ity, aircraft availability academic and simula- 
tor requirements, and a myriad of scheduling 
directives into a daily flight schedule. The 
operational expertise of key personnel such as 
chese schedules officers will be vital to the 
implementation of the Training Management System 
into the training command structure. 

CONCLUSIONS 

The operational environment of the Naval 
Air Training Command is unique and demanding. 
It is one of the best military pMot training 
programs in the world. It is dynamic and 
ever-changing in response to the needs of the 
fleet. The tact that the Naval Air Training 
Command has maintained this pre-eminent position 
is a tribute to the CNATRA staff, the Training 
Wing staffs, the training squadron personnel and 
the support personnel di the training bases. 
The challenges presented to tne prime contrac- 
tor, McDonnell Douglas, in developing the VTXTS, 
integrating the elements of the system and 
implementing the system into the Navrl Air 
Training Command dre indeed formidable. The 
ta5k will require a closely coordinated ettort 
between the contractor and the using command tor 
identification of real-time operational require- 
merts and the integration of those requirements 
into the training system. The ground work tor 
this close cc^eration between user and contrac- 
tor- has been laid. As the development effort 
moves ahead during the FSD phase, this ground 
worn will form the basis tor a cooperative 
working relationship bet.veen user and contractor 
that is vital to the ultimate success of the 
training system. To date all contacts between 
contractor and user have been closely coor- 
dinated and controlled Dy the VTXTS acquisition 
mar.aier, the Naval Air Systems Command. NAVAIk 
will continue to function in this important 
position as coordinator between user and 
contractor. 

The entire ViXTs concept of a total 
training system with all of Us e lernen* s-- 
aircratt, simulators, academics and training 
management system, designed and developed by a 
single contractor-- is new. The challenges 
tacmg the training command today are also new 
and ever-changing. The cost of training 
resources has risen dramatically and the 
continued availability of current assets has 

503 

  
■ 



become difficult to maintain. VTXTS will enable 
the Navy to reduce the cost to train each 
student by providing a fuel-efficient training 
aircraft, improved simulator capability, an 
interactive computer-assisted academic system 
and an automated training management system. 
The ever-rising cost of fuel is a significant 
factor m the total cost to train. The new VTX 
aircraft with its fuel-efficient engine and its 
increased reliability over the current strike 
pipeline aircraft will provide a major reduction 
in training costs. The state-of-the-art VTXTS 
simulator suite and the interactive Computer 
Assisted Instruction (CAI) system allow the 
number of required flight hours to be reduced 
substantially, providing yet another major cost 
reduction. Many of the peripheral admin- 
istrative demands placed on flight instructors 
by the current NIFTS will be automated in VTXTS 
by the Training Management System. Instructors, 
relieved of many of those administrative, 
bookkeeping ype responsibilities, will have 
more productv ■■» time available for actual direct 
instructor to student interface within the 
instructional er.ironment, ensuring an even more 
wel1-trained Naval Aviator than ever before. 
The level of sophistication and advanced tech- 
nology in the Navy's modern fleet aircraft 
requires ever-increasing flying skills and 
systems management skills on the part of the 
newly designated Naval Aviator. VTXTS will 
provide him with basis ot those skills. 

The need for VTXTS is clear, and the need 
for close integration of the CNET and CNATRA 
experience in training cummand operations with 
the broad b*se of McDonnell Douglas expertise in 
aircraft and systems engineering is equally 
evident. It will be the cooperative working 
relationship between user and contractor which 
will result in the development of a viable 
training system capable of producing quality 
Naval Aviators for the fleet at a lower cost- 
to-train than ever before. The VTXTS will meet 
the Navy's reed tor a quality training system in 
the Naval Air Training Command. The VTXTS 
trained Naval Aviator rill be even more well 
prepared to transition to the fleet aircraft of 
the next two decades than his predecessors 
were. He will be ready to meet the cf.jllenges 
and rewards of a career in carr\er aviation with 
the United States Navy. 
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\,'\, \ ABSTRACT "- ' 

_.?Thi~ pnper addresses trainin~ device logistics support problems encountered by both the 
cu~tomer and the contractor. It describes specific support area problems, and secondary 
problPms crc•ntt>d by· implementing short tPrm solutions. Mnny of the problems were initially 
cause~ by a rapidly changing technology, and an environment beyond the control of the con
cer~ed parties. As the paper traces through attempted solutions, it endeavors to extrapolate 
past and pres<:>nt efforts into :1 projected support ,oncept for the fu:_~f'-. 

INTRODUCTION I 
Over the past thirty years, the armed forces 

,,f the llni tPd StatPs of America have mnde great 
strides in the development of new and unique __ 
w~apons systems. With the advent of spa·e age 
tf'chnology, these systems have become more complex 
with future growth potentials that are virtually 
unlimited, Along with this trend, the costs 
nssociated "ith o"ning and operating thes(' systems 
has increased enormously. Training of operator 
and support personnel has become a major problem, 
and logistics support concepts have become as 
complicated, nnd as expensive as the systems them
selves. The hi.:'~' cost of operating these systems 
hJs made their use for training purposes cost
prohibitive. As an alternativ(', the use of 
training devices to conduct training h:Js become 
even more cost effective when compared to con
ducting trnining on the actual operational system. 
Continuing as a natural outgrowth of this trend 
and spurred on by the rapid advances in state of 
the art technology, there has been an impetus to 
incorporate increasing realism into the training 
device, producing simulators that closely rcpli
C:Jte the operational system and its environment, 
Conseouent lv, the simulation device becomes not 
only ~ compiex procurement exercise but also a 
major rupport problem. The scope of the problem, 
an~ the costs involved, are second only to those 
encountered in supporting the operational system. 

To keep pace with the increasing complexity, 
full scale logistics support programs have been 
develnped to meet the customers' requirements. As 
the logistics base has expanded to meet the unique 
support requirements of each customer, the costs 
of simulators, including design documentation, 
training, spares support, test equipment at,d 
maintenance data have incre:Jsed. In attempting 
to minimize acquisition costs and meet production 
schedules, the trends exhibited by both contractor 
and customer have been concentrated toward 
incr''"""d simulation capability, placing logistics 
support secondary. This situation is not unique 
to the training device community. 

Recognizing the evolutionarv prnce~s thnt 
"capon systems have undergone over the past thirty 
vears, ~his pnper endeavors to provide u few 
~bservations on the corresponding evolution of 
trnining devices, and training device ~upport con
cepts. n.e~e observations b"come art>'rent whe,n 
the ma~or problem areas, both past and present,are 
examined nnd how the attempts at solving these 
problems have influenced current support concepts 

507 

\ 
It is axiom:Jtic that th~ solutions implemented to 
solve today's problems will dictate the support 
concepts of the future~ 

TI1e paper draws upon the experiences of the 
authors primarily in the areas of aircraf~ simu
lation programs for the military. The application 
of statements made and conclusions drawn to other 
types of training devices similar in complexity, 
are considered valid. , 

CURRENT MAJOR PROBLEM AREAS 

It is obvious that an attempt to analyze all 
the problems concerning the logistics support of 
training devices would require an in-depth study 
and would result in volumes of data. TI1is paper 
ider.ti fies some of the current 'major problem areas 
and describes them without attempting to sequen
tinllv rank them in order of importance. These 
probl~m areas are all inter-related and are ~ener
ally driven by the acquisition process. Several 
areas noted in the paper were addressed in-depth 
in last years proceedings. Each discussion will 
encompass the problem, related cost impacts, past 
solutions, and anticipated current results. The 
problem arPas selected for discussion will be 
addressed individually, and are as follows: 

• Device Sophistication 

• Commercial Off-The-Shelf Equipment 

• Reliability, Maintainability and 
Availability 

• Spares Support 

• The Changing Naintenance Concept 

• Personnel and Training 

• Dnta 

Device Sophistication 

The training device has evolved from a 
rudimentary training· aid to he ust>d in perfecting 
procedures and maintaining basic proficiency to a 
complex, highly versatile piece of hardware that 
is capnble of providin~detailed operationul and 
tactics training in various programmable real 
world scenarios, 



:""'\ 

.\·.; .tircr:Jt't nnd L:J•·ti~·~; h,•L'(l!ilt' ,n,,y·,. "it,phisti

l',lt,•.t, tllv\' dit:f.:Jtt~ L'\'t•n lll·ll"t' ~'''Phi:;ti~..~.1l··d tt·:zin-
in.~·. d~·vict.'S fnr tl1~~ v:Jric'U:-> :tnn.·d st•t·vic~·s. Tn 

!,,in.t~ ''• 1
, tht'\' frt•qtlt'tlll\· ·I·IV.lfh't' ..,t:ltt ... -·tlf-tlu'-nrt. 

:!1 tiJt• C;l~•·· t 1 1 t'!i.v,h! sirnlll:tltlr-., 'h•• dPViL'I' Jnu~:;t· 
dt~pllc:Jlt• tht• i1~l~·ril'r t'th'k!•it ~~{·ction in .1ppt·~tr
:Jnct• :J:),J pr.,vi,!t• Sf'•'t'i fi .. •d P'-'t·fnn11~1tlC'I' l.'h.tr.:JCtt~r
i~t it·•; i\l.-'nliL·:ll t!l th.Jt df th~· :tctu:tl .1ircr;1ft. 
:n :tddi~·inn, t!J,• d,•vit't' :~ltt:>t bt• C:l'

1
,:iblf• of simu-

1~1tln~.~ tht• multi-t!lissit.lfl trnininP. ~C-·'n.1ri~>s 
rt·qtJ i. r,·d hy lll~· 1:1; l t t :1r·>·. 

[',, :Jchi"V'' :1 ,;i,nul:Jli'''' d,•,;i)·.n th;Jt LJithfullv 
rvpr 'dt!L.•'"' thL" l)r)t'Lit idn:tl ,ti.r·~·t·:,(t ~1nd prnviUt..':-; 

!t'lr :n1 ,-.ff,•ctiv.• tLiining ~ysl\'1!1, tht• fir:-:;t t:Isk 
''11<:t'U11L•'l"L'd is lo ('1 t':lr·ly Sf't'C i fv th1· extPnt nf 

~ir~n1l:1t inn t·t•quir.•d :1!\ll tilt.' t.r:Ji.ning r••quit·~..•mcnts 
''t' ~·.~.•:11:-:, i •'., ~.·us~nnk"r's pLanih'd utiliz.1tion ,,f 
tht• c!l'\'ic.· .1:-:; .111 instructir•n:tl s~·st~..•m. Th~..·sr• t~1sks 

:dltH!ld t~t~l'l•iv~..· !:l:tXi!:JUm t..•ffnrt and should hP dt·fin-
. dd·· giv,•n til:1t lh•· Of.''-'r:Jtion:tl systt11:1 has :tchit~Vl'd 
:1 rt•:Jsnn:Ihl~..• lt.•v.~l {lf dt."sign m:1turity. TlH• st•corHi 
t~l~d• requlr-,•s tht~ Ct)ntr;lL'tl'lr ttl accur:1tr•ly intt•r-
rn·t tiJtl';t• rt•qui rt':llt'l1t~~, ~!ot \-.'i_th.~t~lnding_ thP 
t~..·chnlc;d :lnt: tt·~Jinint: aspt.•Cts tlf simul:Itf'lr flesign, 
tht:..~ mair:ten:lnL't' llr lngistlcs suppnrt cr-.ncept must 
a l ~ u [H' c lt•:t r ly s t ~l ted by tllt-' Clls tnmt_• r to the 
t·xt~.•nt lh.'Ct'ss:tr·y, .:tnJ lntc•rpreted .1ccur~t0ly by 
lltt• ·,:ontt".1l'tnr. ObvilHtsly. clos(• liaison hPt\.Jl't-.!1 
l·u~:tonh.'r ~tnd l't't1tr~lL~tt'l" i~ rt:quir~..·d thr~Htg':out the 
rt"l)~'.L:Jrn s L i ft• eye lt•. 

Tht• ilh'r•·a~>L'd St,phistic:1Litll1 :1nd requirem~·nls 
[ot· multiplt.• ~raininh scPn.1.rl0s :trt' driving thP 

nc·t?d for l.::n·gt:> c.:lr::Icity. hi~~.h spc~..--d computer 
~;yst(•ms. This in turn requir~..~s tlh• dt•vplormcnt of 
l1i~-·.h sp1·t·d d:tt;l intt~rfaL't s t(' provide tll\• rf'•nl timP 
slnulnti()n·n'fjllit·t•d t1' ;tcltil'Vt.~ thP rt'~llism dt.•sired. 
Cnmputer systf•ms ~IS \.Jl·Ll :1s nwny of tht• high Spl~t'J 

d;J~:l intt~rf.1Lt'S, ~Ir,• tlf :1 Ct)mmerci~ll n."ltnn .. ~. 1\lso 
;,:nnsid~·~-~·d ;ts l'\)!111\ll'l'Ci.ll h:trd\~··tr· .... (c:It;Ilngued-itf•ms) 
~-o; purp(·,s..-~s o:· this t:X.Jtnpl(·~ ar·~· visn.Jl and grnphic 
,!ispl,·ly s~·stt~ms :tnd pt•ripftt::•ral h:ln.h.J:Iro.:> to the cnm
]'Utl'r :-;\·st.:t:t such ~Is 1 irll' pri ntt•rs, CRTs. disc ;1nd 

m.:lgth~t: c t:lrh.' •.'qui pt:tt·nl. Thu~. t ... ) m('t't design nnd 
d~.·llv~~:rv critcci~l, :111 •'Vt'r incrt~asing .:tm~1unt 1.1f off
:..he-.shl~·l t. t"CJiti.pmf•nt is includ~d i.n tht• desi~n. F't·orn 
:1 p~n·ts ~._·nunt vif·\·.'P~)int. r)0-70 pr·rcent of the simn
l~Jtinn h~Jrd•.v;;n• is t"t'!;i.!l.'nt \..rit!.in lilt• CtHTmwrci:tl 

s:_~ ~~-~~~I-~_LEJ._!_~~_!~~ '~--=:?~:J._(_r~q-~_t-~~~-~ 

The U5<' of conn:K·n·Jal o.-f-thf'-slll'lf cqllipm<'n~ 
~te111s in tl10 ntnnuf.:lcturc of tr3i11ing devices l1as 
ht•c0rne c,JPT~:1on-practicc in tl1c trninln~ devic0 
indu:-:tr\.'. This pr·.1cticc l'Vol.vpd ns ,1 rl'sult of 
f•florts. hv both govr•rnnH~nt nnd industrv to minimiz<' 
;1L'quisiti~1n costs, .:1nd provide t·c.:1list.ic .::tnd 

<>btninnbl,, d<•liv<'ry schedules in response to th<:' 
t•~rms :111d conditions of y,ovf'rnment contracts. A 
positiv•• outcoml' of this was,and i':<·ntinucs to ht~. 

LIJ" dc:velopmcnt of a market· pl:1cc for vnrious com
mr•rc i .:11 sys tcms. 

Ll.-;,,;\lly, conmlerci:illy :JV.1i L1blc hiy,h spe<'d 
computer systems comprisf' the heart of n training 
dc·vicf'. Further, th~::~se sys~en1s many times o.re. __ 
st<~tc-of-the-art. The rf'asons for this approach 
:Jr<' qui tc evid<•nt: first, tiH'rc ar0 no ~IIL-STD 
comp11t.<·r systc•ms :wni LJhlt: th:lt mef't the dcm.:1ndir1g 
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simul:1tinn H'<Jllit'<"nli"".(R, lJr'VPiopm<'llt of a MJL-STD 
.;'/St<'tn \Jould b(l cost-prohihitiv(•. Ad·Htionnlly. 
the· gt·)v~·rrl'"H•nt p<,·ocurf·•m·~f't proC('I'>S hf'ing whnt it 
is • .statl•-of-tht·-at·t :ulv:JrlCPs rni;.:ht wclJ rn.11"-'" th? 
"V~lll'fil ohs,l],•u• pt·ior to it !>,•coming OJ,..r•Jtiunnl. 
S<!condlv, significant 1st n•ductions are n•:llL~··d 
.1s !{&!) ~osts fnr l'dmmerl:i.:d computer ~ystt'OIS .3rt• 

shan,d by .111 llSc•rs, \~i thoul the lP!lJ;thy ll&ll 
procP~Is, it is t:mclt e~tsiPr for trainin~~ dr)vice 
manuf~•Cttln~rs to mi•C't requ]rt_•d J(•vic(> dPlivf·ry 
scht'dulPs. Finally, thf> use of commercially 
~tva i 1 :Jh !P romput(•r sys tt•ms e 1 imi nntes nom~ of tiH" 
llllknm~n factors assnci:tted with R&D. ll<'li:Jbilitv 
nnd tn:J in tCJ i n:J!> i 1 i tv ella rae tl•r is tics many t i m1•s h:~vv 
br-en pr.w,'n through dc•nwnstr.1tion or fiPld rf'sults. 
Quit<• nft,•n, lhf' sPl•·.:tc'd systf'm is :tln•ndy intc·
gratPd into c-urrl'nt l.'Ustomer invPntori(•s which 
r •. •ducps thf' scopf' ol the logistics support probl<>m. 
TI1P bottom linr is that thf' tr:Jini~g df'vicr erviron
m•'nt, espPcially in fli~ht simulntors, is bnsically 
h<'nign .1nd n MTL-STD computer is not required . 

At first g:n11ce, it 3pp<'ars that signific;:mt 
cost r•'•hoctions nrc r<:'alized through the u~e of 
nff-tlw-sh<'lf computf'r systPms, In most c:Jscq, 
this appronch is used advantageously. Then• ar<' ,~."" --
ho\V(.'\'l"r, son1,• risks associated \o~ith this method. 
Generally, a commf'rcinl computer m~~ufacturer will 
prnduu• ,, spPcific mod,•l lin<' for a limited period 
,,f time. lie cnnnnt afford to exclusiv<'ly cater to 
tiH· traininr, devicl' industry bec:JUS<' thf' marl<et is 
too small. liP must produce for th<' comm<'rcial 
m<~rket. To remain competitive in the market place, 
he must keep abreast with changing technology. 
l~i th th,, advent of subminiarurization of compo
nents, improved packaging techniquf's, nnd the wide 
:1va i 1 nb i l i ty of low cost memory modules, tlw com
nwrcial computer industry is growing nt an unpre-
cedented rat<'. Tite life span of a product lin~ 
sPidom f'XCPeds five years. By contr.:1st, the pro-
gr:tmmed li f<> sp.1n of n trainir•g device is S<'ldom 
under 20 ye.1rs. ;: imi larly with the comm<'nts made 
about MIL-STD computers, the time elnpscd bf'fore 
the goV('rnmf'nt procur<:'ment procc•ss places a system 
in the field causes the commercial syr.tC'm to be 
potentiallv obsolete. This is gen<>rally true with 
any guvernment procuremf'nt. On~ mnjor problem is 
th.1t training devices are not procur<'d in quanti
tics comparablf' to other military hardware. 
Thf'refore, lCJgistics support of spare parts manu
bctured by commercial vendors ig not likely to 
remain viable over the programmed life span of 
the tr,tining device. Obtaining guarantees from 
vendors to .:Jssur<' support.:1bility and configuration 
control over the trainer's life cycle may b~ cost 
prohil,itivc or impossible to obt.<in, Hany manu-
facturers do,howevcr, provide "down·.~ard comp.:Jt-
ibility" of parts for :;upPrccrlc>d systems. There 
is some risk here in maintaining both in hardware 
.:1nd software, the tot.:1l integrity of the original 
system. 

In terms of oper.:1ting hours .:1nd trainer sortie 
rates, utiliz.:1tion of training devices f.:1r exceed 
th<tt of the opcrntion.:1l .:Jircr.:Jft. Although the 
environment is totally different, complexity of 
.:Jircr.:Jft training devic~.Rpproaches and often 
exceeds that of the aircraft, nbviously, the 
loRistics support concept for a training device 
must be approached 14ith a perspective different 
from that of a major oper.:Jtion.:Jl system. An air-
craft mnnuf.:1cturer, or any manufacturer with large 
qunntiti£"R of equipnoent In the field, muRt provide 
a support capability for that equipment, 
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;;i1·1i l~.·rlv, .1 trllinint~ d,•vict• l:t:llluf;lt.':lllrPl" tnust 

.1! ·"'..., prcv i d,• ~upp\n·L. Tilt• Vt•!hl~n·~ IH· huvs ft·(llll 

.t!'t' tlt'\t ::;c 1 ~,b] i ~~~Jtc•d \·lith cut'J"t•nt trc•n;_ls touards 
,!~·l'~'t !~.·vl· 1 11L'Ii nr~'n.:tnc\• f~,)r l"('lllput.l'r ~'dhlront•nt~t, 
tf1•' Vt'IH!L'r in !n.I!\V t':l~it''.i lH'l'lH~lt'S lht• dt•pot lt•V,,J 

r··p:1ir tn· .. •xch:llll.',l' f~Icility. !·~quit'mt•nt turn-
,ln)und t1•ih':~ ~Ind rt'p~t'nishmL'nt spares be~onH~ .:1 

pr'-'b!·•m t·:;:t~· incrt•:JSt..''}~ in diJ·ect prop()rtion tO 
~ht' llf,·-~~p:!ll \lf tiH• dPvic,·. In t:t:tnv c::Jst~s, tht, 
~'nh :1pp:1rcnt snluti~,~n tt) th<' probl(•;n is a costly 
\'t 1 mput.t'I" upd:lt:t• r,) tht.' cxi~tint~ tr:linin~ d,•vict..,, 

:l•'l':llt~~e tl11.• tlri~~in~l 1 Ct)lll\'Utl·r h<Js ht)Ct)I!H' 1ner\~:1s ... 

~n,~·.ly l!ll~•dpptlrtablt•. ~'Pt'Ci fiL';lt it'I1S Cdtl be• 
~.n·ittt•n t"d ~·1i.min;lt"t: ·t1l but-~ p:1rticul:1r· Vf•lHL)t· 

\.·illl(1 Ul :h.~t:ualty r~·f\·r·r·ing to a product lint•. 
T!1i:.; i~ dt'lh' tH•v.t\1'-:t' of Ct!SttHnt·I· sntisf"ction 
\\·ith :1 pttrti·.:ttLlt" prnd11~...~t dr in ~In >tttt.•mpt t{l usp 
SjXll"t'S .:.1,... · \•t!it•r· ~upport. :l~~;(•ts that m:1v .atr,"'adv 

b~..· in hi~. t~~'.'t'lltl'L·y. :.\ P•'lt•ntial pitf:t.ll hl"'rt) .is 

th;!t v··nd~)r~:. in pt·~,vtdin~·. tlh' dt'Jh't lt•vt•l r~.·r·lir 
•'I" ,·x~·h;ln~·.t• sr·rv;t't'~ t~..·n~l t,.., upd:Jtl' tht•ir· cnmpo-
lh'nts to til~.• l.1tt•st. de~~i\.~11 n·visinn lt•vt•l. Th, .. 
;':Irt llii!Hhvr t..'l. tht• ClJr.Iputh•nt y·t ... m.-1ins l':-;.~t·nti.1Llv 

tht• ~•amt• l•t...,wt~v~.. r, the cusltWlPr c:1nnot di fft•rt•nti-
~~t.~~ bt•twt't't1 l"t.'V (::inn 1, ·h·l~•. Ct'11~~~·quf'llt l'!, thll 
;.'l'l~l~1<."lnt:•nt m:Jy t't f'~:1y <IL)t ht~ fu l1y i ntt."'rchangt':lh 10 
h1ith the sv~tL~ms in the fit·~d ,d1d the custt)tn•'r may 
h:1v,• unknP\J i ng 1~· :.lt.'f~l·.:tdt•d his supp~..,rt car~1h i 1 i tv. 

:'t'rh~l\...,3 tlH• nh)St si~nifiL·:nlt drtno~b:1ck 

rt·~ulti.ng fr,,m the u-~t.· t,f C'L'H!llH'rci;ll comp~ltt.•·r 

-;v~~tt~m~• is that th,• tr~1inin~~ dt:'Vice indttstry 
\_·:1tHh1t plac~· ~~ dirt•ct d••m:1nd ,,n ~..'t'mput.•y· m:Hlu
f;tcturc•rs to Pnsurt• that th,•i r products wi 11 
Cl'ntinttt.' to ~ll't't tll~· rl•qui.rt.•nit'lltS ft.)r sorhisti-
C:1tc•d sir:1ul.1.tit."'~ll. TilL' potcnti:1l pr,,blt>ms t.)f off-
~ht•-slH•lt. computers m:1y b •.• :lnal~-'~~t)ll~ to prnblt.•ms 

;)r sur'pot·ting nldt•r tuht'-typt• t'll'•ctt·onic systPms. 

Th(• custonH.'r r.1:1y. :1~ St1t:le fh'int in timt'~ h:1vC' 
t•' p:ty tt11' p~·ict• t<.) bridgt• tl1t' ll _'llnotl'gy g.:J?. 
Hl·ft~r~~nct• L;Jll b.,• !n:J.de t...J thos"-' dr.1ft spr•cif~c.:ttions 

cin .. -,Jt.:Jtt~d for i11dustry revie"" .1nJ c~.)rrn!H ... nt \oJht."•r~..~ 

tllt• l:\ISlt)mr~r i_s told b\· industry: '\·It"' .~annot 

.\.:~·t therl' frlH~I ltt•rt~ with tod.:.Iy 1s st.:ttP··\lf-thP-art." 
,\ttt'lnpts to hridf.t' tht' stat<•-of-llw-~trt g:1p m:ty 
r,•sult in cxct.~~si.ve expPnditurf' uf R&D funds with 
tht~ -)ntt>ntial f("'L pnnr e(1uipment pcrform: .. nce in 
till' 'icld i.n th:1t th(• hctrdwa•··· h:-s unktHNO nnd 
\t:1prl...,V\'Il rcll.abili.ty ch:lr3ctt"""ristics. This impacts 
:wt ,,nlv till' op<'r:tti.onnl aspects but supportabi' ity 
;:,; \;f•ll. 

ln gcn0ral, mnst cnnt~ncts call out 
:lelinbi~i.ty and ~laint.1inability pL1ns and demon
[;tr:~tions to prescribed levels of performance. 
TIH' customer :tpp:trently hns t•~o distinct concerns. 
Fir·st, from th0 operations standpoint, he is con
Cl'rncd w.th equipment or system ovnilability, n~a 
docs not care about the combination of MTBF a~d 
~ITT!< required to achieve that level of nvnil
_,bilitv. Sc-:ordlv, he is concern0d with tht> coqt 
of ~up~orting th•," item. From thP second concern 
stems the rigid reliability ~nd m~intninnbility 
requirements. As graph ic:tlly shown in Figure l, 
once thP ~1TTR is under five hours .~ith nn HTBF 
aboV<' one hundrPd hours, increases in MTBF ndd 
little incrrnse in marginal nvuilnbility. Thus, 
in respect to inherPnt nvnilnbility, the efforts 
in relinhility nrc misdirPcted. 

MTIJI' 

Figure 1 

lip lo this pL>int .-. th<'ort>ticnl inh••n•nt nvni 1-
:Jbi 1 i ty h.<~~; hl"'t.'n dt>scribt.•d. hut thP nctunl concern 
slh)uld h~.~ ""ith ~1chivvt:•d avnilttbilit:.•. ThP '-"'1"-""'ntt·nts 

t'f supply timt•s. nperatnr and n1~1intL'n.::~nct! itH.lucpd 

f.1ilttr0s, and prt'V('ntivc maintenance tim~s must be 

:Hided to tht' dm~ntimc portion of tht' equation. 
Fn1r:1 tht• opt•ra tnrs position, the downt i mt..., caused hv 
sclH'duJ.•d mainL••n:mcc, "!H'l'.1tor i'lduct>d fnilur.•s,. 
.:1nd (LHvnt imt.' c:luS\'d by nonr0sponsiv0 supply systc-ws 
n .. ts t tH~ rt•duccd. ThPsP c.1uses for do\vnt imc product' 
" f:1r gr<•.:Jtt•r los .. nf ~lvnil:1hility th;m thP inh<'rt•nt 
f:~ i lur,•s. 

Logistic~ns nnd support personnPl should be 
1 0ss c\Hl~t'rnt.>d '~'i th i nht,rPn t Bys tt:'m re 1 i nh i 1 i ty, 
and f<lCUs th<'i r .1tt<•nt ion on Lh<' areas of supply 
support, sch<•du!C'd m.1intC'n:tnce, .2nd thP inh<'rC>nt 
rl·lia1 ility of hlgh cost or sc3rcf• compOnt~nts. 
Systt'm fnilun' dat;t prov;c~,,d in ~lccord:Jnct> with 
'llL-STD 7RS h~1s l itt ll' or no rt'lationship to 
nchiev,,d av.:Jilahilitv nor tll cost of supporting a 
syst0111. M0r0 attPnti0n, tllcreforP,must t1(~ placPd 

upnn high cost or scarce compon<'nts during <':Jrly 
dt•sign r<'vi,•ws. This is wlwr •. • rPI::tbility pfforts 
pnv nt f. 

With nvnilnhility in mind, r:tpid repair of 
the simuln~ion devicr hns been drivc'n to r<'movC> nne! 
rt>plac<' at the organi z.1tionnl Jpve[. This rep:tir 
is limited to thP rPmoval nne! replacPment of p:trts 
nnd minor overhnul of nonrl0ctronic pnrts. Hain
tC>nnnc<' at the intermedinte level has diminished 
because most multi-lnyered PCBs arP routed to " 
military supply depot for repair or disposition. 
Huny of these honrds :tre then routed to n spPcial 
rf'pnir nctivity, normally ' contractor or vendor 
plnnt. Tlw boan\s nrf' thCYirepnirNI and rf'turneil 
through the same chnnnels. This circuitous routing 
mny consum(' many months. This lengthy process is 
expensive in both ndministrnt:~C' hnndling :1nd in 
tPrms of ndditionnl spar<'s to fill the pipclin0. 
It is n generally accepted fact that pipC>linC>s hnv<' 
a hnbit of "enting" spnres. 

In mnnv simulator programs thr !!.'";ernment and 
contrnctors.hnve reduced the pipdine t.ime by dirC'ct 
contrn~tor or vendor support programs of spnr<'s, 
On Nnvy progrnms, Repair of Rcpairnblt> contracts 
an·· l'Rtnbl ishl'd during the int<>rim support nnd 
follow-on piHWC's to C'l>pl'<li tC' si te-to-vcndor r0pairs. 
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11tis is an il['pro>tch to support which reduct•s cost, 
incrt.~:lses devicP ~vni.l.1hility, ::~nd incren~es ovPr-
.!11 p•·rfonnanCt', Ic should bp re.1lizPd howcvf'r, 
t.h.Jt thi,; pr0C<'dtJt'<' furth,•r dC'gr.1dPs govt:>rnment 
·'rt~:mic s.1pport c.1pnhiliti"~ even though costs may_ 
Lc- tht~ ovPrriciinp, f.:1ctor. 

~1nt is obsrrvpJ in thcsP ty~<'s of procedurPs 
i~• .:1 dcf:tcto change in tht."" m:tinten.:lnCP concept. 
,\ forrr:nl rPcogniti.on "f this ch:mg<' must be con
sid<'r<•d duri.ng tht' provisioni.ng phase• of thP 
:tc<]·.:isition proct•ss, Ju•• to tht• increased pipeline 
turnnt·ound tinH•s. A bro:J<Ier acknowlt•dgf'mc'nt and 
appreci.:1tic'n ot the actu.:tl m.:lintt~nance con~('pt 
should bq~in :1 pt·ocess in :tchiPV<'ment of cost-
0ffE•ctiv'~ :1pproncl1cs to tr3ining ll<~vic~ sttpport. 

To,l:ly ~s in tt1c past, systPms ar(' bring 
d<·sigtwd :or m:tximum sPlf sufficit•ncy at th•• has•' 
lev<'l with incrPased <'Mphasis on the 0rgnnizational 
level of m.1lntPnance. The- e·xtensive us~ of Built-
i n-T,•><t (1\TT), !lui 1 t-in-T,•st-Equi pm<•nt (llTTE), 
ll:1ily rt'~l!incss ct1ecks nntl tlPmonstr3tions and 
:JSS!'Li:lted di:1_r~n,1stic rc•Jt-inC's h3Vf" ,..n:tblcd the 
l'~-g.:tn1z:ltinnal lt'Vt.'l tt)• .. :hnici.:In to f.::~ult isol.:tte 
tc' :1 :on1ch lo\Jf'r lc'Vf•l th:m in t1w p.1st. Equipment 
is b~·inh dt•5i._e;nt-.d (0r e~tsc of r.1aintcn.:::tnce with 
m~HJul.1rity in mind to Pnh.1ncc· rPp.1ir tir1es .:tnd 
t)pt i r.1i ?.f.' d•.'V i Ct.' .1V:1 i lab i_ l i ty. 

!!istt)ricallv. tht..• nrmed servi.cf•s h.T..re 0mployed 
:1 thr~_•(• ll'Vf•l m.:I.intt..·n~nfCt' cnncept: 0rh:tniL.:Itional, 
intc'rm: ... di.:Itc .1nd depnt. Th~..-.. f'~q~.1niz:1tion.:tl lf'vel 

Ius '~'-'l1t'r:Illv consisted of removal anJ replacPment 
,,:- r:1<1jt'lr componc·nts ••on-equipmf•nt" with some bit/ 
:)it•Ct""-p.:trt rPpair \·:hen .::tpplicable. The rn:tjor pur-
~l1S0 b;·in~ to rt~tttrn tl1~ cnJ itPm t0 ~,, opPr:ttional 
cnndi ti\'n in .:1 minimum .:tmount of timL~. Tht~ intr~r-
;:H·di:ltl~ level h.Js consistl~d of "off-equipment" 
r~·p~li.r~ ( tn t::hnst."" ma.ior CL)tnpon(~nts removed .::tt tht' 

''l.' 0 lPvel) usin~ tht~ s..1ml"\ remnvL"\ and re>placP theory 
:lt th.• mntllll.1r level. Tlw m:1in purpose here is to 
n•turn " se•·vic,•ab le 1~:1 jnr c~>mponent b:tck into the 
supply svstem to support thP 11 0" 1(\Vt'l of mainten
:mcc. The• de· pot level h.1s includt>d those' repair 
c~1p~1hilitil'S nt both "0" and "t" l('Vcl with the 
.1dditi<>n:tl cap:~bilitv to perform m:Jjor equipment 
<Wc•rh.1t!l. The i.ntc•nt bei_ng to p.:-rform thus<' r<'p:lirs 
,,r major ovPrhnuls that .1re t'xtensivc, time con
sumin;'. and/or excec•d "0" or"!" l0vel capabilities. 

Although the basic concepts hnve remained 
tl1c s~m0 ,)ver tl1e ye3rs, devicr so~1isticntion, 
t<•chnolog•: :md a quf'st for device• avail.1bility 
haV<' dictated procedural changes for the main
tennncc of Cf'rtain typ<'s of equipment. These 
c1,:~nges h:we :tltered the bnsic mnintf'nanc<' con
cepts. 

One ~hongc, :tnd probably most si~nificnnt, 
has been the tn•nd to relegate th<' repntr of high 
tPchnolop,y printpd circuit honrds to the depot 
l'•vcl of •nnintPnnnce. The r<•agons for thiq move 
nrc m1ny and will not be discussed in detail. 
llowever, cost is n major contributor when ex.1mined 
from the •tandpoint of the additional systems, 
personnPl and trnining required to provide this 
rep:tir capability for intermedidtt:' level main
tPnnnc<' at multipl•' locations. The impact 14hen 
:tpplic•d to thP m:lintell:lllC<' of flight Ri.mulators 
has il<'Pn ~ignificant. In maintaining flight 
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simulnt"rs, unlike thp aircraft, PCR's are KCnnr
:~lly n•plnct•d on equipment at the "O" level of 
maintf'nanct!. As steted previously, n lnrg'-~ p<'r
centage of :t flight simulntor is high te:hnology 
conmcrcial equipment and the respective PCB'11 are 
genc•rally returned to the· depot for repair. As a 
regult, the intermediate level maintenance funrtion 
has bf'come less effc>ctive in that it doo.!ll not pro
duce a st·rviccable component to support the "o" 
level maintf'nnnce of high technology equipm<'nt 
items. 

This fact must be recognizl'd by the customer 
~1en h<' drafts hi~ specifications and data r<'quirP
m<'nts prior to adv('rtising for proposals. He !.as 
rccognizPd this situation in the personnPl nnd 
tr.1ining :1rea, nnd h::1s implemented program~ to 
addr<'ss it. He mu!;t nlso .1ddress this situati.on 
during th<' :tcquisition process, 

The end of the military draft systf'm hns 
compoundt•d the logistics support problf'm. Coupl<'d 
with n shrinking pool of potentinl recruits, it 
becomes increasingly difficult for th<' military to 
fulfill enlistmf'nt quotns. TI1e current r<'cession 
nnd high un<'mploym<'nt have provided some temporary 
relief, but the problem still exists. Under the 
present system, the mnnpower situation cnnnot be 
<'XP<'Ct••d to improve in the future, dtu' to the 
demo~rophics of the situation. Perhnps the most 
painful point to make is that, in most cases, the 
militarv recruits and tr:tins a technician and 
industr~ induces him to separate' after his first 
tcn:1 of scrvict:>, The prolifC'rntion of home com
puters, video gnmes, vid.:-o recorders, and oth<'r 
electronic products will also comp<'te for services 
of the trained tc>chnician. The customer finds it 
difficult to mnintain orgnnically, all of the 
sophisticated hard\Jare procurNI. 

To further nggravate the situation, many 
cnreer militnry personnel have dual skill quali
fic:ttions. As th<' simulntor technician nlternat<'s 
betwC'en johs, his level of proficit:>ncy is som1•wh.1t 
d0grnded, depending 0n the length of tim<' he is 
away from the training devicP t:>nvironm<'nt. A 
case in point is the recent decision by the ~avy 
making simulntor technicians (TD rating) eligihlt:> 
for sea duty. 

TIH~re are no im111ediate nns\Jers to these 
pr<)blems. Assuming solutions were nvai lable nnd 
implemented todny, it would b0 some time beforP 
the benefits could b<' reali.Zt>d, Th<' military 
personnel problem is certainly not a new one. 
lt has been recognized in the past, and n numhC'r 
of measures hove beC'n implemented to correct it. 
This paper dops not intend to discuss thE suCC<'SS 
of these mensures; it only points out thac the 
problem exists, and that it has an impact on pro
viding the re<Jui red logi 1;tics support for • .:., 1g 
d0vices. 

The second p.1rt of th<' pe>rsonnel prcobl<'l., >~• 
training. Some nssumptions cnn be made> based on 
observntions. Th<' military nppronch to trnining 
is to ensure that those trained personnel will 
remain in the military for a sufficit:>nt length of 
tim<' to providr, a return "n the training invest-
mPnt. In the 11ost, thP milit11ry pr•witlt>cl in-depth 
troi.ning in the highly t<'chnic.11 maintenance 



c· .1 r,.,. r r i ··1 d •;. llt11· ill): tid" lim.· a 1 argP numhPr of 
lt':lit1t'li pt'r~,,tln~! ~lt'Ct~t1 tl' ntake th~ military a 
l.::n-t't' r. Pvt•r tht• past f(•w y~·:tr.s, we h.:J.Vt'"! obsc·rvC>d 
Sc'P1c' !";tdtCt! dc•p:tl'tllrl'S ft·nm rhis .1ppronch :IS 

:tddrc'ss,•d in The• Changing ~1:tintPnatll1(• Cpnct•pt. 

Co•twr:xlly, mi 1 it:trv tr.xining progr.1ms hnve 
t>,•i•n n•du<:,•d t,, tlw levc•l .:tppropri:tte to the 
1"\'nlC"~\'C' :1nd r·r·pl.1C:P mainten:JnCP cDnct•pt. This has 
t"'r1~1hlt•d tlH• mi 1 i t:Jr~· tt, tr:1in y, .w rt•cruits to be 

f'l'lhiuctive in :1 minimum .1rnnunt 1.)f timt•. Wi.th this 
:lppr,J:lch, lt•ngth~,. tr;Jinin~~ is n.Jt rt'qnirt~d. 

.-\lth,Ht.l~h dc•t:.1il.l'd training is Ci'rt:tinly ,1V:til:tblc•, 
it i~ ~l'tl0r~tlly pt-·lvicle<t only to career ntilit.1~y 
per .. ~)nn(•l or civi.li:tn tt•chnici:1ns. Perhnps the 
mo~t th'tt~ahlt• obsPrV~ltion to he• m::~dt• ht:"re is th.:1t 
th..-• r.1i ti..t;n·v is :;lowlv lo~ing or Proding on( .. of 
thc·ir r!\ost ~:1tuahlP r:n;<,urces, thf• highly trnint._"U 
·tnd ~~ki llt' ... l tt'chnici.1n. 

1
:

1
•' l<now th,• v,1luo Llf tr:1ining progr.::trns and 

th.1t \.'~)st ··fft~ct i.Vl' rr:1ining must bt• commt..•nsurnte 
~;i th tlw t:":k~ to be rwrfonnPd. 1'1 tr:tini ng 
dL·vic,•s. m:1intenancc pl~rsonnl"l rC"quire .:1 lt•vcl of 
tr:tinin~~ hi ... ·.\H'r than th~\t t ... ) s~1tisfy .:.1 rem('Vt-. and 
rt•pl:tl't' cnnct•pt l)nly. ThP maintennnc~ of trninin~ 
Jc•v i Ct's rc•qu i n•s hi ~;h 1 v ski ll"d technic [,ms C:lp,tb lt' 
('( trouhlt•sht)0tlng :1nd m,1ki.n~: repairs .:Jt bnth thP 
'-""rg:lni7.atil)r1:ll and intcr::tt_~( 1 i<1t.f• lPvels 0f main-
rv,1:ti1C<'. Thus th· lc·v••l <>I training must r<'f],•ct 
tht ... Cl)rtplexity of mcJL!t~rn simuL1tors. 

t:,-,,<rh in th<' t•L•ctronics ~ndustrv i.s npprox
irn:Jt<'lv 17 percc•nt r••r 'lllmm>. ( 1 Thf' demnnd for 
sktllc•d t•lpctronic tec:hnici:ms bv industry will 
~~:~.z.~r:JV.:Jtt~ tht• pr{Jblt·r~l the mi 1 i.t.:try faces i.t rf~-

r;, in t n:.: skill t•d tcchn i c i ans. An i ncrens i ng dem:tnd 
Cc,r· ~t di1:1inishing rPsource l:.; fort'S(-.C~1blc. 

fJ:t r" 

The data rl•quirt~mt•nts cont.:1ined in Spf,cifi
c~tions nnJ c0r1tr~cts arP a m3jor contribtJtor to 
the ovPr.1ll .1cq11isition cost. In mnny instances 
it m.1v bt' as high .1s thirty percent of the totnl. 
Sine.-• tr;tining devices nrc typically procured in 
o:m:tll qu;mtiti<'s, many c1f the cbta requirements :tre 
of rn;~,·ginal valut• wlh•n mP:Jsurpd ngainst their:.~~.cost. 
SinCl' dc·sign is bn~ed upon thf, spC'cific.1tion ~1n(~ 
ftxed t':trly in th" pr•>gr.1m, lnt<'r pfforts i.n Ruch 
tr.xde studi,~s :1s Lifl' Cycle Cost (LCC) nre for all 
practi.c:Jl purposes n papen~ork exercise. The snmP 
mav he s.1id of mnny :tspects of Logistics Support 
An;tlvsis (LSA), bPc:tusP n verv lnrge portfon of 
th<' .training devict' consists ~f off-tlu·-shelf 
h"rd\v.1rc :md designs are ('Ssenti;Jlly fixl'd. llow
"""r, somP v"lup of LCC nnd LSA cnn be rcalizC'd 
through their us" in the equipment selPction pro
Ct'ss; greater value if significant production 
qu.1ntitiPs nr<' anticipnted. With " preponderence 
of commercinl components in a tr,1ining device, :~ny 

measure of system rPliability becomes a m<':tningless 
goal. l~eliahi lity, m:ti.ntninahi lity :1nd Jvoil-
:tb i l i ty sluu ld be cons ide red as nn entire p:tcknge 
tn respect to thP end itom being procurpd, 

TI>e r"lntive ml'rit of comp.xring ncquisition 
cost "nd O&S costs can be, and has been, disected 
nwny times thr011gh nwny schools of thought. This 
papc•r does not wJnt to ]-.. _.LJbc)r tlH• i RRue, only to 
descrihC' \v:tys in ~;hich some of thf'se ~osts could 
bl' rf'duced. T f till' tn>nd tm.:nrds full contrnctor 
~;tppr>rt continut·~. then snn11• of llH' hir,h cont itPmR 
n•quirf'd by contr{lct hN·nmP non-cost ~~rrecti.vc. 
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Mil SpC'c te~hni~ul mnnuul", decllml'ntntinn, life 
cycle cost progrnms nnd programs to achieve avnil
ability have grcnt importance if the device is to 
he supported totally with organic resources, If 
the device is bPing suppnrtPd hy a contractor, 
the? los£• much of thPir pot"nti.1l vnilH' in light 
of thc•ir acquisition costs. 

RPquests fnr Proposal for recl'nt sinrulator 
arquisitinns places an Pxcessive burdPn nn the 
c0ntructors tr providP " plethora of reports and 
d3ta items curly in the contract p<'riod. In many 
cnscs, this requirrmPnt is of mar~inal value, n 
prem.1ture rP<]t,in•ment, or n m<>re "squnre filling" 
exPrcise.< 2 l To procure n cost effective flight 
simulntnr, th~ go,ernment must first clearly iden
tify wh.1l is '•:tnted, thPn df'termine how it will he 
supportl'd, nnd finnlly, close cooperntion must 
exist between· thl' conLrnctor nnd governmPnt to 
ensure th:xt th<• product mePts the n•qui rrml'nt. 

WHAT DOES IT ALL ~!F.AN? 

The problems faced in supporting a tra1n1ng 
device nrc analogous to the problems faced in 
dPsigning the system, E.xch clement of support 
may bl' compnred to n simulation module in the 
trainer. Addresspd in isol.xtion, n singll' sup
port .1rP:t or simulntion module is n relntivelv 
s tr:1 i gh t forw.1nl task. llowevpr, nei. tiH•'r of thl'S<' 
tasks exist i.n isolation; they must be mnde to 
work in hnrmony nmong themselves and with the 
rest of the systPm. 

TI>P contr~ct specific:~tion, increasing device 
sophistication, use of commerci.ol t>quipment, 
avail:~bility, personnel nnd training, documen
tiltion nnd spntPs have been discussed. The same 
problPms th:xt have chnllPngpd the logistics com
munity for ye:trs still exist, nothing nf'w, includ
ing tltp use of cornmPrrial equipmf'nt and the impncts 
of technological change. \-l1111t is tH'w nrc the 
changes in logistics support concl'pts thnt h:xve 
occurrPd over thP years in nttempting to minimizP 
cost nnd solve support problPms causl'd by the 
rnpid growth in technology. Both customer nnd 
contractor have bePn drivPn to investig.1tP and 
implPmc•nt new nlternntil.!Ps. In doing so, systems 
nrc being dPsigned for maximum SL'lf-sufficiC'ncy 
.1t the basp levPl with incre:ts<"<l Pmphasis on the 
orgnniz.1tional levl'l of maintenancl'. Spares nre 
nonnnlly stored at the dPvice site. 1hcse measures, 
driven by the environment, hnve rPsulted in n 
mnjnr chnnge in the militnry's bnsic mnintennnce 
concept .1s it is applied to trnining devices. 
Technology and cost hnve driven the scrvic<'s to 
r••legntc tht• rcp:~ir nf print<•d circuit bonrds :~t 
the depot level of maintenance. 

The nutlh>rs renlize thnt thl'rP nrc redundnnt 
st.1tements mnde within nnd betwl'<'n thL' identified 
problem .1rcnR. However, it i!J juRt .1s difficult to 
nddresA a pnrticulnr support nr~o in iRolntinn ns 
it is to Aolve overall support problems by only 
!>ttb-optimi?.ing the individual support f'll'mentR. 
To .1C'hicve optimum ro!HiltA in both cost nnd p<•r
formance, nll support element's including the 
operational .1spccts must be addressed ns nn inte
grated effort. 



1·.\'0I.VING Sll!'l'OI{'J' CCl~'C.:EI'TS 

''~1c~'_l ~~ -~-~!\CC(l '.I"'!J~~~I<!1!_:_!}.:_1i!\J'_!::_Ii_l: ( l) 
Tltv c~'tlt ra.:t in~ cnmnn1ni ty Ill't•ds ~t) t>tnp!oy 
!l\.:Jlly di ff\•rl'nt t.L)0ls :1nd tt 1 Chniqth'S in 

:1cqui :·1 ng i t~..~m., n~!cPsf!nry for thl• t.'ffi
\.lt'llf •1Pt'r~tt i~.tn ,,f 1'1!1' t"~~rl't'"' in !>uth 
P•'~lc~· ·lod \V~lr. l!lc..'rC:lst·d Wt'£1pon systl'tn 

l't''~:-->t:-; ~1nd prict~S l'f gL•udt; wnd St•rvicL1 S, 
l'l'qul r~'!:\ th-_· d~..,.•vt' lt1pml'nt of :tpprl):tchr•s 
\.Jldc!; .-:J~:surt.· rt·.1din~·ss through t!H.• most 
t•(ficit•nt nwthods ~)f contr.:lcting ~1nd 
.'Jcqujsiti.:-n. Therefo~·P, this thrust 
~lrt.':l con~ ists t)f Ll:t~ dt~Vt1 lopment t1f 

!h'h' ~1nd infh)\':ltiv • tt•,:hniqu\·.s fnr im

i-'t·,'lvi.n~; tilt• -.)Vt·r·~tll .... lH1tt·acting .1ntl 
~rcqt!isiti .. •n prt1Ct'SS,
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LOS~ ,.\i r FnrL>' Ln·;~i.stics H~-·s~·.1rch :1nU 
;.; t 11zl i 1 :--; !' r1 1~: r·;tm. 

['iJ\·r~~ ;lt"t' ~h~Vl'LJl .1pproaches to rt"'ducinp· tfH\ 

~~cqui,;itill:'. :1nd supp~H·t costs of tr.:1ining d(•vicr~-.s. 
:·:Jt•.·.;~· ~1ppt·o~lcht·s ::1:1\~t--. fr-(lf:! ;1 simple modi fi~..·atinn 
l,( ;ln ~·xlsting prl't'u!·t~f:l.,•nt pr~It·tic~__• such as j 

s,, lt•-sl.''ll!'l't' cont rnL·t., t(l a rnaj()r dt•p.:trturc from .:1n 
,·xi~t.ing ~~txl-:·tum S(•lf--su[ficiency pnlicy, to ~ur-
":lt.J-;lng ''!ll:: tl11· tr;Jining ~'it.'r\·iL't', This lattt•r 
l'lJan~t· in poli_l·y ···hHJld n·lv on the contracto; to 
tn1i l·,!, n~1l:1l.:-tin, .:-tnd dJ"lt'rG.tt• the training de-vice. 
-~-1~·-' govt~r:lr.h·Ttt .1gc•ncy \-.rould purchase onlv the USP 
.... ~ thl· (:,·viet', 

l':H• P:J~~ i,•s t P!"l1C,_~du l".:ll chang~:.• for thL~ govern
r1•·!1t t•) r:t.:.1kt• i.s t~--. .1dd incrt•,::t.scd (•mphasis in 

r.nilt)rlng i.ts d:it~l rt•quin•n.:•nts to tht~ t'rHI itt-.m 
tH·in~~ prtJL'ttrL·d. In the ~1n•a (~f tr<Iining d(.-.viccs, 
pnt~ti_l't:larl:: (l.ight simul~t~yr:·s, :1 lar~t~ portion of 
th~· ct1stur:wr's nrncur-Pmc-nt consi~~t·-; of connerc!al 
l'quirr:1vnt ~1nd t";i:r:. h'ith this fact in mind, Lt 

:1ppt',1r~ ~!1.1t ~o:~h' LCC studiPs, LS.".'-i, and n .. ~li

.lbi11tv !'t:t;uirt.'l:ll'nts :nav bl' misdi.n:cteJ t•fforts. 
1hfls\· ~f·qu~rt'r:H'nts, nnd. perhaps ('tht.~rs, could bf\ 
:·:~•di~-it•d t)l' t•limin.1tl'd from Cl'rtain RFPs .1nd cot~::_ 
tr.:lcl~;. This v:nuld simply involvp tht• tailor.lng 
,~f spt~ci ficntions to mL"'l't the intended m~thod of 

support. [ f lht: governmt•nt ch0oscs to ust- c-on-
tract fil·ld l'!1ginl .. ~·ring scrvicl's r..,thPr than pro
vi dt• its n\-Jfl m~1intl·n~1ncc, it J()t\s not rtlquirt~ ~1i 1 
:~pL·c m,1inten.:1nct• Ja.ta; opt~r~ltl)r or maintenanc(~ 
Lr~ining and training data; an LSA; nor Mil Spec 
··ngin'-'!•ri.ng d.::~t.:. This .:1ppronch c.::tn provide thP 
pot(•ntial fur significant s:tvings in the overall 
~:.,· ;~1lsition costs. 

c:ontract fi0lcl 0ngint·ering servictls can be 
,·arric•d 3 step further by h,wing the contractor 
::~lso provid<> ~upply support. As previously dis
cussed, th(' cost of a military supply system 
includPs mor<' th,1n just th~ adninistrative costs 
of handling and storing sp:lrc' parts. It also 
includes t~e costs :1ssociatcd with the increased 
s;o,1rPs n'Q<tired for the~ pipeline. In training 
d;,.Jicc•s, this pipdine has become longer due to 
riH· decrr•:.1scd pffcctiv<•ncs.q of i.ntl'·rnwdL1tc level 
~.,:nte.Hmce. Although a trndc study of tho• 
r~lative merits of contractor spares support 
v~·r~us ~ov~.~t·nmcnt Rurply s11pport h.1s not been 
conductPd to thto knowledge of the nuthot:"s, Ruch 
~ study would c~rtainly yiPld interesting tesults. 

Thf' concr·;'t of contractor support is not in 
itself a radical d~pnrturP from existing practice. 
The []rm~d st:'rvi CPS have in some casPs contr.:1ctcd 
for b~s0 operating support services, including 
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jnnitorinl Sf'rvice~, food Ht•rvicv~, m<ii11Jl ~r-r
vi c•.-.s, .111'1 !~O Otl. TlH Air Fore(! ha,.; contractor 
prr.vid.•,J ~ . .-imE•ry pilot t1·nining nt ~Jillim>tH /oir 
Forcp HlHIP, ,\.._·i zona. Tht• Air Fc1rce n I SIJ hns con· .. 
lr;:,cloJ· ~upp"rt f,,r the C-9 airc:rnft anci th<• T-/.J 
trnitwr. Tltt• ,\nny hns n proposal for c-ontrnc·lor 
bas,• >~upport at Fort J·:usti!;, Vn, Tltt· :-inV)' con-
t!·ncts f,H soft1~:1re sup!Hlrt' ·.Jf Autom:tti c T, st 
EquipmPnt. Contr:,.:ror su 1>po•t b !wing •·mploy<·rl 
to .1n f .. Vt.)r incrtlasing f•:--:ten~· :n tht> nn-..1 ·_:,f direct 
mission ~~upporr. 

R<'gardlPss of tlw 1evt>l of support pttrcltas•·d 
f1·.:>m th,, contractor, the custom<'r must identify in 
ildVil!H'•' il!l<l .1s 1\Ccurntely o1S possihl,,, t!H' pJDntH'd 
support cnnct•pt prior to initiating an RFI'. 
UbvitHJslv, tlH~re nn.-. distinct a.dvnnt.:lR,t1 S to iden
tifying tlcis during tht> trainer RFP phas<'. TIH'r" 
h.nvt• bt:.•t·n tHtrru_'rlHJs t•xamplC's tJht>rt' thP custom.··r lltlM 

chat.gc•d his plantwd support C<'n<:<'pt late in the 
program. It is rt'al ized that rensons fr,r this 
chang" m:tv !w !wyond thE• customPr's control. 

l'l'rh:lps :1 mc>st drastic departur•· frc'll current 
policv would he to buv onlv a service from the 
contrnr.toc. This sC'r~icP ~ould pro\'idP trained 
aircrPws for tllP CLJstom~r. TI1e contractor would 
m3nuf3cture, maintain, oper.:1te nnd rl'tain owner
ship of the dc•vicc. 

A progressive tr~nd townrds increased con
tractor support hns distinct advantages and dis
advantngt>s for both customer and contractor. 

Some ndvantag<'s to the customf'r would he: 

• Turn key operation, 

• Dccrc•ast•d ini.tial developr:tent r-usts, 

• Decreased data costs, 

• nl~crcascd manpowc--t:-r~qui rcments. 

• Decreased operator and mainten~nce 
training requirements, 

• Decrenoed supply support costs, 

• Increased device availability, 

• Dt>creased O&M or R~D funding costs, 

• Improved delivery schedules, and 

• Options to buy, 

Contractor advantages are: 

• llf'sign freedom, 

• Less expensive sys•~m, 

• Le~s restrictive data requirements, 

• More stable workload, 

• Flt•xibili.ty, and 

• Responsiveness to design changes. 

As with any beneficial proposal, there arf! 
inherent risks to both the customPr and the con
ttactor. llowcvcr, thosc risks can he minimized hy 
including appropriate conditions in the contrnc~. 



., ~~uh~t:ntd.!rd pt•r(ur:nnlllr', 

• Sl1l1· :~~·tir._·~· c~-~ntr;J~.·t ..... 

T ..... tllt• <\_nltr:l:tor: 

• !niti:~l dt•v•·1~."'pm~..·nt Ct•St- c::~pita1 

t rl\'t''' t;:l•, 'lt ' 

e \','l\11,,~· St!ppL1l't. 

Ttl l,t't'Vitiir'~~ n~..!~..!ili~...)n:tl :tssttrancL• for succ .... ss 
'·~·i t~1 ~l ~;·.'r\'i .... ,_. pr,1~.?,Clnt .as d~..·sL·ribt•d .::zbt)Vl', the 

\·ust('r:h·r ~1:1y \J.J!1t tv L'lH1~~idPr C('r:lpt .. titivP proto
tv;Jin;:o, ~Jf ~~!~1ult1t~)r sy~tt··r~~; as .:l mt'~1ns of rt-.Jucing 
\'t111Su:i:•·r t·i~;k.(:.) !'t ,.:ausl~ l)f tht• contr,lct()r'~ risk, 
. 1:~d tht..• f3ct that !H• '.Ji 11 bt• providing :t ~(\rvice 

t!~ing hi~; l1t..'n r,_.S('U!"Ct•S, th~..· cost to tht> customer 
·.~·ill b,• m0t'(• n•.1listic sinct' nnqun1ified bidders 
.lr·· 1t•:->s ! ik~·ly tn .1ttempt t\"' buy into such .1 con-
rr:1ct' rhi~ at~pro.1ch ap~)t'.:trs tv b..._· only .1 step 
:),·':'.)nd thr- Air ~·ore~_· tr.1ining piogr3m for th•_., KC-fO 
. 1:rcr:1tt i.n that title to atl training <...!Pvict:'s wi 11 
t·,·~+:. in thl' Cov~...~rr·:mt~nt. l!o\<o't.'VI'r, domi.nion ~1nd 

,.,_..,~ :·n] ,)f ell l d··vices ,.-ill be ret.1ined bv the 
~..·l'tltr~Ictor·. ·rt1~ m~jor diffPrC!lC~s between th~ 

~~C- t') apprnach :tnd tht• proj••cted onf' is the use of 
:1:1 ··x!~;ting tr:lin,·r :rs oppost>d to buildin~ and 
.\,signing the sirnul.1tor t<' 3 specific .1pplic:ltion. 

:\ pr('!gram to dCVL'lL)p n tlf'\o.' in-fli~~ht rt•fut~ling 

ai rcr.1tt .1nd .1ssociat••d support systc•ms for 'he 
l'tlitf'd Stntt•s Air Force was (iriv0tl hy DoD dirPction 

th•~ nt·c~·s~ary t•qoiptnPnt, and ,,.,..,tnbli1.1,, •f, .. t·<Jt•·, 
.tnd mair1l:!in a ~:C-10 trninin).~ fa<.: i l; (V at JL1r¥Hd:1lt· 
:\ir Fore;• HiJSt·, t.A.('1 ) Th,. t·(juiprn,•nt,-uncl' pr/)'.:urj·:~, 
tt•:-;ted [!nJ installt~d, will t.~t• \.·~nt•d bv th(· Air Forr···· 
;~'hen th1~ trainin~; fncility hf'l,.'tJmPH fu.lly npPrntic~:L;J 
t!l•' c·nntrlll't with Am••rican Airlino·s wi II rr,v<•rt to 
a ,;,·rvic<· ~:untr;Jct witl1 aHHortt·d upti•'ll:> which c:Jn 
lH~ ,_.x,•rci~~·d nvf't' ~J thirtc·~..·n y~<nr tH•r;vd. f'hP onlv 
pt"':.~f,,rrnanc~· t·rit,~ria wi 11 b•• to prrn•id~· trnin.--d 
f:C ·10 fl i ,:ht cro•ws fur th<' Air FoJ"C·•·, 

H,•s•·arc!J by ~fr. DPmhroski and Dr. Cansll·r, as 
rl'P(lrt'•·d in ~~t)V/Dvc Hl ProcPeJings of the Intt·t·
so•rvi .:l'/!ndust ry Tr.1i ning Equipment C·>nfr·t·,·ncf', 
indic•t••s th<Jt tlH• gt>V<'rll.11t'l1t can ;•xpt•ct lr,ng l<•nn 
c•>~ L n_•duct i~H1S in thP ~t·rvic·~ pc'rt iun of n Sf·r
vi(>:·-on1y ".:ontract. This savings should r(~sult 
fn,m the appl icatinn of 3 Q(l pcrcPnt lt·~trning curv<· 
;,pplicable tn simulators. Savings mav lw in till' 

ft")r~n of either lower cost or incre:ls, .. ~! pt.•:-f~"1rrr.ancf~. 
~avings rt•alized i11 sttpport costs arP in a~dition 
to t·h,• obvious savings n•lated t<J systt•m :1cqnisi t iun. 

Sli~P-IARY 

Thf·r<' <~n' many oroblPms Pncotmterf'd in thr 
dt~vPlupm,~nt, fielding, and support of ~1 modern 
flight s i!!lulator. Prchlem nreas 0xi st i .1 pPrson-

nel, trainin~. sparl's, maintenanc<' and technologv. 
Attempts hav<' bt•c•n madl• tu isolat•', managl', and 
solve tht•Sf' probl•·ms individually and collc·ctivt·ly . 
Logistics howcver, is an interactive Jisciplin<' 
en~ompassing all aspects of support. Logistics 
!':lust pL1y nn nctiV(' rult' !:.hrough_9..:!_~t_l_~'ntir~ 
lif~ cvcle <1f a syst£•m to aclliPvP mnxirnurn c~st· 

c f f t' c t i vcne s s . 

As this paper has <~ndeavored to <'mphasize, 
the environment may dictate contracto:- £upport as 
th<' most logical, cost-~ffective support concept. 
llut, regardless of tht" support conc<'pt involV<'d, 
3!1 n•quin•mpnts .nust be clc•:~rly sttltPd in tlJ!• 
e:~rly stages of acquisition and f3ithfullv tr:Jns
mittcd through the acquisition Jucuments. 
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ABSTRACT 

The United States has paid little attention to nuclear wariare, biological warfare, and 
chemical warlare in the last decade.  Meanwhile, the Soviet Union initiated an expansion of its 
chemical warfare program which has continued to grow at a greater rate than any aspect of their 
military force, Soviet policy closely follows the words of fiarshal Zhukov who said in 1956, 
"Future wars will not be won with nuclear weapons and massed air power alone...biological and 
chemical weapons will be used to augmenl conventional and atomic warfare/' The Soviets and 

their surrogates have used lethal agents ia Afghanistan, Laos and Kampuchea.  It is clear the 
Soviets have the capability and willingness to fight in a biological and chemical environment. 
Soviet training programs integrate chemical weapons systems with conventional and nuclear 
operations. >-*Since conducting training in one or any combination of these three special 
environments is not possible, United States preparedness to fight on a chemically, biologi- 

cally, or nuclear contaminated battlefield requires the development of special training equip- 
ment, devices, and procedures which simulate these conditions as realistically as possible.  To 
accomplish its mission, the US Army must train in peacetime as it will fight in war. This 
paper summarizes the needs oi  the US Army's requirements for training equipment and simulation 
to train in an NBC environment.^ 

INTRODUCTION 

dver the past several years, t tie world has 

witnessed the introduction of and growth in the use 
oi chemical and toxic weapons against unprotected 

military and civilian populations in several 
wartorn countries.  Despite denials by Soviet 

officials, overwhelming evidence is being accumu- 
lated to prove their complicity in and support oi 

these murderous campaigns.  In tact, the evidence 
has accumulated to the degree that the United 
States ian no longer ignore the threat. 

THREAT 

Despite its long though sporadic history, 
chemical warlare did not become a modern world 
problem until World War 1, when a total oj 114,0O0 
tons oi chemical agents were employed producing 
I.J9 7.ÜOO casualties. The Soviet Union alone 

suffered some 475,000 casualties, or 17% of the 
total. It has been suggested by some sources that 

it is these large losses which psychologically 
drive the Soviet leadership toward superiority in 
this form ol war tare. 

In 1^75, Mr. Amos A. Jordon, then Assistant 
Secretary ol Defense, stated to the House oi Repre- 

sentatives that "The Chemical Weapons ol the Soviet 
Union represent a serious potential threat." He 
went on to say, "We believe that tin* USSR is better 

prepared to operate offensively and defensively in 
a chemical environment than any other n.it i• u in the 

world." General David C. Jones, then Chairman of 
the -Joint Chiefs ol Stall, reiterated this position 
in 1981 when he concluded that "Warsaw Pact tones 

jre belter equipped, structured and trained than 
any other in the world lor lighting m a chemical 
environment." There is a great deal oi evidence to 
substantiate these observations. 

There are many uncertainties inherent in any 
estimation oi the current Soviet offensive capa- 
bilities. However, it is possible to get a feeling 
tor the scope oi these capabilities by examining 
some oi the following data. 

The Soviet Union has a large industrial base 
which could be mobilized to produce toxic chemical 
agents. Sources indicate that at one time some one 
hundred chemical plants were in operation, of which 
halt were either producing or were capable ol 

producing the latest agents. Best intelligence 
estimates indicate that the Soviets have between 
350,000 and 700,000 tons of chemical agents ready 
lor immediate use.  !t is further estimated that 
Tahun, a nerve agent, constitutes 50,000 tons oi 
tins stockpile. At I hough IS intelligence believes 
that approximately one-third oi the Soviet shells, 
rocket warheads, and bombs stored in E»stern Euro;e 
contain lethal chemicals, other sources indicate as 
much as a 50 percent till. It appears that the 
Soviet stockpile is 7 to 10 tunes larger than that 

of the United States, and is sufficient to support 
3 to U  major offensives on a wide fron*. The Threat 
agents include the nerve agents, Mood agents, 

blister agents, and toxins. 

Although the Soviets fiad difficulty producing 
toxins, Tr ic othecenes are- .iow in the Threat inven- 

tory. The 1.1) 50s range from O.lmg pei k« to lOOOmg 
per kk», depending on the particular toxin species 
and method of exposure.  In addition t«. producing 

casualties, these toxins have the advantage ol 
being an effective terror weapon.  Disseminated as 

an innocuous powder, they cause blisters and vomit- 
ing, as well as severe bleeding. Since» they are 
persistent, they also pose a long-term hazard. 

The Soviets have artillery, moitar, and mine- 
field delivery systems for chemical agents, as well 

as bombs and sprays tor air delivery.  Chemical 
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rounds exist tor the 122-, LiO-, and 152-an llimeter 
artillery.  The BM 21 consists of a 40-tube 

multiple rocket launcher mounted on a URAL- So 

truck  A nattalion can deliver 72Ü rounds ol the 
chemieal-filied shells in a single ripple contain- 
ing > tons of agent.  The FROG and other surface- 
to-surface missiles allow the Soviets to extend the 

reach oi their chemical weapons. 

Superimposing the range ol these wcapuns on a 
stylized IS corps sector, shows that Soviel roortars 

and multiple rucket launchers can attack division 

targets tro.ro the KLDT well into tin division rear. 
Targets include front-line troops and artillery 
units as well as some logistical targets.  KROGs 
are capable ot attacking targets up to the corps 

rear boundary, puttmg reserves and supporting 
units, .is well as logistical complexes, at risk. 
Sell) and tactual air can rcnh transportation 
modes AUA  major logistical support centers, well to 

the VVAV  ot the corps. 

An estimated 80,000 to 100,000 Soviel chemi- 

cal troop., are available to provide support to 

combat troops operating in a chemically contami- 

nated environment.  In the grcind lories, chemical 
units are organic down through regiments, and 

chemical personnel AH
1
  assigned A<>vu  through 

company-si/e units.  Generally, a chemical defense 
brigade is assigned to a Soviel front, a battalion 

to each army and division, and a chemical company 
'.>> each regiment.  Chemical services provided 
include: rapid vehicle, i lot hing., terrain, and 
runway decontamination..; warning ol attacks, aud 

chemical reconnaissance ot contaminated areas. 

I'o augment their capacity tor last, highly 
mobile warfare, and tu protect themselves t rora CW 
agents, the Soviel., have fielded the world's 

largest and. most complete inventory of protective 
equlpment.  Iheir protective masks provide respira- 

tory protection ..gainst all known chemical agents. 
Iheir combined arms protective suit can be worn as 

a coat, cape, oi coverall. Although not airtight, 
the protective suit provide: adequate protection 
against most etiemu.il agents.  To facilitate detec- 
tion id. nit l t 11 at i on and delineation etiorts, a 
variety of alarms and automatic contamination 
m.irking me.ms are available.  De cont aftinut son 
assets include individual kits and truck-mounted 

equipment, including the IMS 'M, a jei engine 

particularly effective in rapidly decontaminating 
large vein i 1 es. 

Soviet planners recognize that an effective 
chemical capability depend., heavily on .i comprehen- 
sive training program.  Although precise figures 
.!!'• not available, it appears thai la percent of 

t lie military training given to conscripts is 
devoted to Mu training, with extensive toliov-oti 
training being integrated throughout the remaindci 

of tfit*t r careers. Training is designed to physi- 
cally and psychologically condition the troops to 

per!urn then combat assignmeat , in full protective 
Hear. 

Many Soviet institutes and industries associ- 

ated with chemical and medical research are also 
involved in chemical agent research and develop- 
ment tKM)).  These programs are government con- 

trolled, and the open literature contains only 
carefully sanitized data. Some areas ot interest 
appear to include efforts to synthesize additional 
G-type nerve agents, as well as extremely toxic 

organo-siIitranes. The isolation, identification, 

and synthesis of toxics may well lea<"' to . new era 

i n che-mi i a 1 war! are. 

It is clear that the Soviets can successfully 

conduct chemical warfare.  The big question is 
whet tier they have the wili to use these chemicals. 
In testimony before Congress in 197a, Lieutenant 

General Howard 1. Cooksey answered this question 
when he stated. "The Soviets are so immersed in 

chemical weaponry, t.-ctus, doctrine, equipment dw^i 
personnel, and so much of their training centers 
around the use ol lethal agents that it would be 

odd, fro« a military standpoint, it they did not 

employ them." 

The threat is nothing new.  At the end oi 

World war I, General Pershing came to the conclu- 
sion that ''Whether or nut gas will be employed in 

the future is conjecture, but the off  . is so 

deadly to the unprepared that one can    . afford 
to neglect the question." The United  ates has 
neglected the threat over the last de  e while the 
Soviets have been and are continuing '  prepare for 
largc> scale offensive and defensive N'  carfare. 
'hey have the agents and delivery meu.   and .1 it 
continuing to invest in R&D efforts to ei, ai.ee 

their capabilities.  Their military forces are 
extensively equipped and well trained for opera- 

tions in a contaminated environment.  In a nut- 
shell, there is a total Soviet commitment to NBC 
wart a re. 

THE CHALLENGE 

The IS Army recognizes this Soviet commitment 
and realizes that we must tram to meet the it:real. 

Since we do not conduct training in an actual SBC 

environment in peacetime (.mil ihV the Soviets*, IS 
response to the NBC threat requires the development 
ot a simulated-NBC environment to challenge our 
forces and ullo\ them to tram as they will have to 

tight.  Ihe IS Army Chemical School has developed a 

I raining Device Acquisition Strategy (TDAS) which 
summarizes the necessary concept to support 

training in a simulated-NBC environment.  Uns 
document will serve as the principal instrument tor 

directing the Army et torts to coin ept la 1 i /e , 
develop, and acquire training equipment, simulants, 

and support packages/procedures tor this training. 
Ihe IDAS supports the I'KADoC goals of achieving 

substitution, simulation, and miniaturization where 
feasible/applicable.  Thus tar we ! .,ve identified 
^J proposes] devices or systems tot the IDAS. 

SUMMARY 

The systems and devices (see annex! discussed 

in tins paper otter a challenge to all who are 

interested in estaMishing a realistic and viable 

NBC training environment. We've identified t tie 
threat, defined our requirements, and this conven- 
tion has provided the forum to make* our needs known 
to von. the innovators.  Accept aud meet tbis chal- 

lenge and our fighting forces will immeasurably 
improve the it capabilities in an NBC environment. 

ANNEX 

1.   Nuclear Weapons Effects Simulator 

a. Training/Simulation Requirement. Simulate 

f I. sh, bang, neutron and gamma radiation, mushroom 
clou , electromagnetic pulse (EMP). and transient 
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radiation electronics effect (TREE); exercise troop 
reaction to nuclear burst; exercise NBC Warning and 
Reporting System (NBCWRS); exercise C2 procedures. 

b. For Use At:  Armyvide, National Training 
Center, US Army Chemical School. 

i. Characteristics ot Desired Device/Facility. 

(.1) Flash must be distinctive, observable 
under combat conditions, with a range of 5 to 15 
kl1omet e r s. 

(2 1 Bang must be distinct, distinguishahle 
trom battle sounds, with a range of 5 kilometers. 

('.])   Time between Hash and bang must 
parallel that of a nuclear weapon for use in the 
NBC reporting system. 

(4) Simulate real time and realistic 
generation ol prompt neutron and gamma radiation. 

(5) Produce a mushroom cloud with meas- 
urements and duration effect comparable to the 
measurements ol '-KT, S-KT, and 20-KT weapons. 

(b) Simulate electromagnetic pulse (KMl'l 

and transient radiation electronics effect (TREE). 

d. Statut. 

(I ) Fielded:  The Ml42 Nuclear Hurst 
Simulator is inadequate.  Troops do not recognize 

it as a nuclear burst, particularly in vehicles. 

It is not distinctive under combat conditions a'id 
does not simulate ra hat ion effects.  Exercise ul 
NBCWRS is Biargina 1 . 

(2) In development:  Preliminary study by 
Sctorne App1ieation, 1nc. 

(\)   Proposed device/system:  Nu«. 1 ear 
weapons effects simulator (NWES). 

total Dose, l)ose-r\al  Simulator 

a. Tralniug/Simuiati >u Requirement:  Simulate 
dose raJ.es and total dose from induced/1 a 11 i.ul 
radiation, as well .is initial dost-i ate read i ligs . 

h. For Is«' At:  Armyvide, National training 

Center, IS Army Chemical School. 

i. Characteristics ol Desired Device F.uilitv 

(HS uini l at e KM 1 t ime and rial ist u 
readings <>n radi.Kmeters and dosimeters. 

52) lotal dose and dose rale must be 

measurable over time and location. 

d. Status. 

ill Fielded:  Ihr AN !L)0-i i t V > tra tun 
or.lv interlaces vith the |M-|.ri radiacmeler and 
simulates dost- rale only,  lotal dose is in t 
measurable. 

(2 )   In development:  None. 

(>) Proposed deviie system:  total dose 

dose-i ale stmmiior iTUDKSL 

3. RadiaUon Automatic Casualty Assessment System 

a. Training/Simulation Requirement: Assess- 

ment and assignment of initial and delayed radia- 

tion casualties. 

b. For Use At:  Armywide, National Training 
Center, US Army Chemical School. 

c. Characteristics of Desired Device/Facility: 

(1) The system should be near real time and 
provide total simulated casualties and radiation 

doses. 

(2) The system should be realistic and 
indicate to personnel that they are casualties. 

{])   For delayed casualties, the system must 

he realistic and provide total simulated ineapaci- 

tation and total dose for each, individual. 

(4) The system should provide assessment ol 

degradation on performance as a result ot radiation 
exposure and a time tag tor incipient casualties to 

be incapacitated at a later time. 

d. Status: 

( 1 ) Fielded:  None. 

(2 ) In devel opulent:  None . 

(j) Proposed Device/System:  Radiation 

Automatic Casualty Assessment System (RACAS). 

4. Biological Agent Simulant 

a. I'laining/Simulat ion Requirement.  Simulate 
the effects ot biological agents to include toxins 
useii t>\ Ihrrat forces; reaction to biological 

agent; and equipment and personnel decontamination 

t r.i l n i ng. 

I>. For Use At:  Armywide, National 1 raining 

Cent er, IS Army Chenn i 11 school . 

i. Characteristics of Desired Devnv/Faci 1 ity . 

(1) Flie simulant agent oi family ot 

simulate agents must realistically simulate the 
physical properties ol I'hreat agents. 

t2) it must he suitable lor equipme;*'. arnl 

personnel dec out amination training, using st «ndard 
procedures with a decontamination simuianl. 

I ■) I In- simulant must i out a in a tiMu'l 
capable ol eas. removal tor use in evaluation ol 

de* i out am mat i on training procedures. 

t ••» ) the simuianl must be capable o! 
quenching it sei! and be*, ome nouactive 4 in .'■»  .boms 
alter application. s-> the training a'ea m,»y be used 
aga in u i t bout ml ei I ereiu e . 

a. Status. 

(1 ) I i. Ided:  None. 

( 2 ) In deve l< pmrnt :  N«.ii«*. 

I II !'ropos«-d device system:  Biological 

.Igelit :. imu Lint { HAS S . 
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5.  Biological Agent Casualty ^Assessment System 7.  Biological Agent Decontamination Simulant 

a. Training/Simulation Requirement. Simulate 
the assessment of biological agent casualties. 

b. For Use At:  National Training Center. 

c. Essential Characteristics. 

(1) The system should work in conjunction 
with existing and future biological agent alarms. 

(2) The system should work in conjunction 
with individual masks and collective protection 

systems. 

(3) The system should assess and assign 
biological casua1t ies. 

(A) The system should indicate to personnel 
that they are casualties. 

(5) The system should assign and assess 
incapacitated personnel. 

d. Status. 

(1) Fielded.  None. 

(2) in development:  The simulated area 

weapons effects (SAWE) project currently being 

performed by Jet Propulsion Laboratory under con- 
tract to PM Trade to determine the best technical 

approach (BTA) to simulate the effects of area 
weapons during force-ou-iorce training exercises. 

(3) Proposed device/facility:  Biological 
agent casualty asvssment systeni(BACAS). 

b.       Biological Detection and Alarm Training 
Simulator 

a. Training/Simulation Requirement. Activate 
biological detection and alarm systems in a train- 

ing environment; properly employ biological alarm; 
react to biological attack. 

b. For Use At: Armywide, National Training 
Center, US Army Chemical School. 

c. Characteristics of Desired Device/Facility 

(1) Must have a built-in training mode in 

addition to the operational mode. 

(2) The training mode must not defeat the 

operational mode. 

(3) The training mode must be built in or 

allowances must be made for it in ail operational 
systems under development. 

(4) Must be capable of being activated 

remotely. 

d. Status: 

(1) Fielded: None. 

(2; In development:  None. 

(3) Proposed ueviee/system:  Biological 

detection and alarm training simulator (BOATS). 

a. Training/Simulation Requirement.  Decon- 

taminate biological agent simulators. 

b. For Use At:  Armywide, National Training 

Center, US Army Chemical School. 

c. Characteristics of Desired Device/Facility: 

(1) The decontamination simulant mast 

decontaminate the biological agent simulant. 

(2) The simulant must be able to be used in 
all approved and developing decontamination systems 

and/or their associated training devices. 

(3) The procedures used to docontaminate 

UIUSL duplicate the procedures used to decontaminate 

Threat agent. 

d. Status: 

(1) Fielded:  None. 

(2) In development:  None. 

(3) Proposed device/system:  Biological 

agent decontamination simulant (BADS). 

8.   Chemical and Biological Agent Delivery S\steii 

a. Training/Simulation Requirement:  Simulate 

delivery systems for Threat chemical and biological 
agents. 

b. For Use At:  Armywide, National Training 

Center, US Army Chemical School. 

c. Characteristics of Desired DevIce/Fai I1Itv: 

(1) The system must provide the same cues 

the Threat system provides. 

(2) The system must duplicate the disper- 

sion patterns and area coverage of the Threat 
system. 

(3) The system should be reusable ami 

easily f11 led. 

(4) The system should make use ui a per- 
sistent chemical age tit simulant and a biological 
agent slmulunt. 

d. Status: 

(I • Fielded: 

(a) m  SPAL has a limited ability to 
simulate artillery-delivered chemical agents.  Area 
coverage is insufficient. 

(b) Aero 14B aerial spray tank is in 
the inventory.  It can be used to di&sesiinatt- 
liquid chemical agents.  !t is not compatible with 
multiservice tactual aircraft. 

(c) The M!) riot control agent dispenser 

is limited in its ability to deliver cheatcal agent 
simulants. 

(2) In development:  A training syste» for 
chemical defense I Phase !1), using the 301267 
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launcher and XM11 SPAL simulates artillery- 
delivered chemical agents. 

Restrictions on emplacement and use for safety- 

reasons limit the effectiveness and realism of the 
system, making the training effects questionable. 

(3) Proposed device/system: Chemical and 

biological agent delivery system (CBADS). 

9. Nonpersistent Chemical Agent Simulant 

a. Training/Simulation Requirement: Simulate 
nonpersistent chemical agent/agents used by Threat 

forces; react to chemical attack. 

b. For Lire At: Armywidr, National Training 

Center, US Army Chemical School. 

c. Characteristics of Desired Device/Facility: 

(1) The simulant agent or family of simu- 
lant agents must realistically simulate the 
physical properties of Threat agents. 

(2) The simulant must be capable ol quench- 

ing itself and becoming nonactive 4 to 24 hours 
after application, so that the training area may be 

used again without interference. 

.1. Status: 

(1) Fielded: N-butyl-nercaptan (HUSH) does 
no; simulate the physical properties ol Threat 
agent agents.  CS gives a misleading cue, 

(2J In development:  None. 

(\) Proposed device/system: Nonpersistent 
chemical .(gent simulant (NCAS). 

10. Persistent Chemical Agent Simulant 

a. framing Simulation Requirement: Simulate 

persistent chemical agent/agents used by Threat 
forces; react to chemical agent; suitable tor 

equipment .tin, personnel decontamination tivinmg. 

b. F<>r Use Al:  Armyvide, National framing 

Center, US Army Chemical School. 

c. Character ist its ol Desired Device/Fact I■ty: 

tl> The simulant agent >>r tamily ol simu- 

lant agents must realistically simulate the physi- 
cal properties ol Ihre.il agents. 

121 It must be suitable for equipment and 

personnel decontamination training using standard 
pimetliir«-- with -i dei ontamiliat l*»ll simulant. 

ii) the simulant must contain a trater 
vip.ible u\  easy removal toi use in evaluation u( 
decontamination training procedures. 

{•*)   the simulant must he capable »I quench- 
ing it seit .md becoming uonatlive <*  tu 2-* hours 

.illff application so ih.it the training are.» may be 

us«*d again without tntei'ferrm e. 

(!) 1 The •. lmiil-.n! used t< .siJiuljle mustard 

g.is should contain in addition to the qualities 

listed previously, a time lapse development capa- 

bility to sirulate the delayed-casualty effects of 
mustard agents. 

d. Status: 

(1) Fielded:  Polyethylene glycol (PEG) 200 
does not simulate the physical properties of Threat 
agents.  It is not suitab?" for ^valuation of 

decontamination training procedures and is not 
capable of time lapse development. 

(2) in development:  Training system lor 

chemical defense (Phase II) delivers PEG 200 using 
the XM26/ launcher and the XM11 simulator projec- 
tile airburst liquid (SPAL).  Restrictions on 
emplacement and use for safety reasons limit the 

effectiveness and realism of the system, reaking the 
training effects questionable. 

(.))  Proposed device/system: Persistent 
chemical agent simulant (PCAS). 

11.  1R Smoke Simulator 

a. Tr r ning/Simulat ion Requirement:  Provide ,i 
training device that will demons.rate the effects 

of infrared (. IR)-defeating smoke. 

b. For Use At:  Armyvide, National Training 
Center, US Army Chemical School. 

i.*. Characteristics of Desired Device/Facility: 

(1) IK sighting devices that simulate 
viewing into IR-defeating smoke. 

(2) When ,,sed in conjunction with visual 
range smoke,  ... will simulate the lull range ol 

(lH-visti.il) smoke capability. 

d. Status: 

(1) Fielded:  None. 

(2) In development :  None. 

(\)   Proposed device/system:  IK smoke 
s imiil.it or ( iKSS ) . 

U.  Chemical Agent Casualty Assessment System 

a. framing/Simulat ion Requirement.  Simulate 
the assesvmeiit ol ihemical agent casualties. 

b. lor 1st* At:  National training Ceutei 

v. K.sential Characteristics. 

il> the system should work t:• ;on,u»ciion 

with existing and future chemical agent alarms. 

t J ) The system should work in conjunction 
with indiviilu.il Ri.i-.k: .mil loltet'ltve prolettion 
systems 

I D Ihr system sin.Id .issess and assign 
i hem ii .i I c.isu.1 It ies . 

i■*) the system should indicate to personnel 
that they .irr casualties. 

I'j) iiie system should assign and .issrss 
I in -ip.ii ilatrd personnel . 
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d. Status. 

(1) Fielded:  None. 

{!)   in development: The simulate« area 
weapons effects (SAWK) project currently being 
performed by Jet Propulsion Laboratory under con- 
tract to W\  Trade to determine the best technical 
approach (BTA) to simulate the effects ol area 
weapons during torce-on-torce training exercises. 

(5X' Proposed device/facility: Chemical 
agent casualty assessment system (CACAS). 

I.e.  Chemical Detection and Alarm Training 
Si mil! .it or 

a. Ira 1 n 1 ug/S pirn I. it 1 or. Requirement. Activa- 
tion ol chemical detection and alarm systems in a 
training environment; propei employment ol chemi- 
cal alarm; and reaction tu chemical attack. 

b. For Use At:  Armyvide, National training 
(.'outor, IS Army Chemical School. 

c. Characteristics of Desired Device/Faci!ity: 

I I) Must have a bin It-1 n training mode in 
addition to the operational mode. 

{2) The training mode must not de teal the 
opei at iona I motte . 

(\) I'he training motte must be built in or 
allowances must be made ft>r it in all operational 
.systems antler development. 

(k)  Must be capable ol remote activation. 

d. St it us : 

{ 1 ) ire ! ded :  Nolle . 

{.' I lu development:  Ihr SMS I simulator is 
etfecttve u 11 li certain limitations.  The system 
willi the training devue mi it does not replicate 
the actual system. 

■ i) Proposed devu e/svstem:  Chemical 
detection and alarm training simulator ICDAIS). 

1-».  Chemical Agent Dccoittatitiu.it ion Simulant 

a. 1'rai n i ng :umu 1 at ion Requt rement , Dee.m- 
lanimate persistent chenmal agent simulants. 

h. lot I se At:  Armyvide, National framing 
i. nter. IS Army Chemie»! School. 

c. Characteristics nt best ted Devtce/F.ici I uy: 

il) The decontamination simulant must 
decent .iminate the ihen.u.il agent simulant. 

tJ! The simulant must be .i'»le li> he used ill 
ali approved and developing decontamination systems 
and/or their associated training devices. 

i \)  The proposed simulation procedures must 
duplicate the actual procedures used to decontami- 
nate the Threat agent. 

d. Status: 

(1) Fie hied:  None. 

(2) In development:  None. 

(.3) Proposed device/system:  Chemical agent 
decontamination simulant (CADS). 

15. Trainer Jet Exhaust Decontamination System 

a. Training/Simulation Requirement. Simulate 
the operational and maintenance characteristics ol 
the jet exhaust decontamination system (.JEDS). 

b. For Use At:  US Army Chemical School. 

i . Charact er l st us: 

(.1) The training devite must provide the 
operator the opportunity to become proficient in 
the oper.it ion of the JEDS. 

1,2) The device must be able to duplicate 
the preoperational, operational, and postopera' ion- 
a 1 checks and. procedures. 

(U   The device must be a reasonable 
facsimile of the decontamination operator's c ih ol 
the JEDS. 

14) l.'heti operating, the device must operate 
and sound Iike an actual JEDS.  Additionally, the 
operator must lie able to see a reasonable facsimile 
ol the equipment being decontaminated. 

I a ) The t..lining device must provide 
maintenance personnel ihe capability to trouble- 
shoot and repair the JEDS. 

d. Status: 

tI i Fielded:  None. 

iJ)   1 ii deve 1 opulent :  None . 

( s) Proposed device/system: Trainer jet 
exhaust decontamination system tTJF.DS). 

lt>.  Chemical Mutt't ion I raining Device's 

a. Training/Simulation Requirement.  Develop 
tt uuing devu es lot IS Army munitions. 

h  For I se At :  Atmvuide. 

i. Characteristus ot Desired Device/Facility: 

lli I he training/simulation device must he 
identical in physical appearance to the actual 
svslem it is intended to simulate. 

i.J.)   The training device must he similar in 
operation to the actual system. 

1.1) The device must provide re^lislu 
training lor artillery, f.ol), .»nd ammnni I ton- 
hand I ing pet sonne I. 

d. Status. 

(1 ) Fielded:  None. 

(J) In development:  None. 
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(3) Proposed device/system: 

(a) Training binary chemical warhead: 
Multiple launcher rocket system (MLRS). 

(b) Training projectile l5S-roi GB-2. 

(c) Training chemical warhead:  Corps 
support weapon system (CSWS). 

(ii) Training projectile 15 5-mm binary 
intermediate volitility agents (1VA). 

(e) Training projectile 8-inch VX-2 
{IYA ). 

17. NBC War Games and Simulation Center 

a. Training/Simulation Requirement. To 
provide students with realistic simulation 
(physical and mental sensations) of NBC effects and 
combat in an NBC environment. 

b. For Use At: IS Army Chemical School 

c. Characteristics of Desired Device/Tacii1ty. 

(I) Flour spate measuring .$3,000 square 
leet . 

(a) Three large, S,000-square-foot 
battle s imulat ion rooms . 

(b) Four smaller, 2,000-square-foot 
bat tie s imulation rooms. 

(t ) Storage space measuring 10,000 
square feet lor props, mock-ups, chemicals, paper 
goods, electronic hardware, and computer and audio- 
visual sott ware. 

d) Up-to-date military communication 
equipment. 

(1)   Access   doors   into   larger   studios   and 
storage  areas   adequate'   tor  entry   of   large  vehicles. 

(.1)   I II-house  ionmiiim.it ton,   closed-circuit 
fV   (large   .screen),   computers  with  display   terminals 
and  printers,   and  sound  system. 

(4)  Maneuver   and  parking  space   for  display, 
mot k vein c les 

(r>) Soundproofing throughout   building. 

(b) Computer   l*. uk uith oLbri   stations. 

(7) High output   sound  system.. 

18) Sensor-round  battle   theater. 

(0)   Recirculating,   aitivated-ihait IM I- 
tiitered  a11-iondii loii.ng  system  lor  at   least   one 
battle  simulation   room.   Allow«,  use  o\   vhemuai 
s imulatit s. 

(10*  Holograph!*   hardware  for  .i-D simw»a- 
t ion. 

d.   Status: 

tl» Fielded. Sour. (Sirml.r type facilities 
fX»sl at Kurts Benning, Sucker, and knox.J 

(2) Proposed Facility: A gaming/simulation 
facility supported by a core of in-house game play- 
ers, instructors, and product ion and technical 
personnel. This section must be composed of 
individuals with a well-rounded knowledge of NBC 
doctrine, tactics, and methods of inst:uction. 
Eventually, this section will have to be able to 
export gardes/simulation to other NBC schools. 

18.  NBC KvaI nation Training Facility 

a. Training/Simulation Requirement: Exercise/ 
evaluate NBC units in accoiapl i shing NBC-related 
rill SS i OILS . 

b. For Use At:  US Army Chemical School. 

c. Characteristics of Desired Device/Facility. 

(1) An exercise/evaluation section to plan 
for and exercise/evaluate designated corps and 
divisional Nile units i*l NBC support - re 1 ated 
misslons . 

(2) Equipment and personnel decontamination 
training to be conducted in the field. 

{'.])   Live-agent decontamination training to 
be conducted at the chemical decontamination train- 
ing faci1lty. 

(4) Nuclear reconnaissance to be conducted 
in a simulate.) nuclear-burst training area. 

I r> ) A chemical reconnaissance training area 
to be established, using chemical simulants t< 
detei t / icient i*y chemical agents. 

d. Status. 

11) Uperat i on.) 1 :  <>ne decontamination 
training silt* exists for instruct ion at the IS Army 
Chemical School.  This is insufficient for unit 
needs. 

(1)   Under development:  A 1 i ve-.igent train- 
ing tac ility has been designed and budgeted lor. 

( \)   Proposed facility/range:  A nuclear and 
ret oun 11 ssaiu e training . ■ ea is proposed.  11; I s 
range is to be integrated v. 11 h requirements .issoi i- 
aled with !he present team facility and live-agent 
t i.i iiuiljj facility. 

I1).  S'ucleai Ai c ident, !nc idei.t Control Chemical 
Accident/1 tic i dent Control f taming Sit«- 

a  !raining Requirement:  Provide a training 
area lur nuclear and chemical accident/ incident 
control training.  (When the IS Army Chennal 
School becomes the DOl) Chemical School.) 

b. lor Use At: IS Army Chemical School h> 
student.-« and area. PARCOM NAic' lAh te..ms. 

i. Characteristics ol Desired Devne'r'ac» lily: 

(1) Accident sites approximately « to (> 
square kilometers each. 

[2) SAIC site:  Several '.Iferent nucle.it 
weapons training device*, available to he placed on 
the site.  "Seeding" w th Alpha emittrrs to be 
iunside red 
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(3) CAIC i.ite: Accident scene reflects 
environmental release of to tic chemicals. Effects 

of chemicals to be simulated. 

(4J Several scenarios developed to test the 

NAIC/CAIC team procedures for rendering safe, 
securing, cleaning up, and controlling an accident 
site. 

d. Status: 

(1) Fielded:  Kirtland AFB, New Mexico, has 

a good NA1C site.  Should the DOD Chemical School 
concept be approved, transfer of this mission from 
Kirtland AFB to Fort McClellan would he considered. 

(2) Under development:  None. 

(3) Proposed Device/System:  NAIC/CAIC 
training site. 

20.  NBC Computer-Assisted Training Modele 

a. T. lining/Si mal.'t ion Requirement. To 

develo; an NBC computer-assisted training (NBC CAT) 
module, similar in concept to the brigade/battalion 
level administrative or logistics module tor battle 

simulation and war games or to First Battle. 
Purpose is to better train all individuals required 
to know NBC command and con* rol techniques. 

b. Characteristics of Desired Device/Yaci 1 11 y . 

(1) Flexible in design so that different 
levels !>i i üinmarid--corps, divisions, brigade, 

battalion, and company--c.m practice NBC skills. 

(.2) Flexible in design sir th.it different 
{'..niches c .in relate to chemical module in term., o? 

manpower and types of equipment. 

c. Current Field System.  Numerous war games 
are available now.  Three are noted above, hut 

there are others th.it ton Id be used. 

d. Concept of Development.  NBC CAT module 
content and concept should be developed and 

coordinated so expert consultation and agreement is 
realized between the ISACMLS gam» maker and »ranch 

users. 

.'1.  Multimedia NBC Threat Module 

a . i t a l li i tig/Simu I it. ion, Support UeqUi rement . 
Provide a classified NBC '. final brief and in 

uui lassi t it-u  tiweat brief to l.hetatcil School 
students, veiling VIPs, nubile training teams, and 
tor .spot t a* le use. 

b     Foi Use At:  US Araiy chemical Svttuoi, area 
NHC snii«>«<is, She sections, scrvur sthouis. 

5  Char JK t er ist us of Drsired Dcvu e lac s I ity: 

il! Both the unclassified and i lass It ted 
briefing would consist «»! a »ö*»iuute multimedia, 

.nidtov i se. ,". present.it ion that dt -cusses the enemy's 
of lens p  »nd defensive capabilities an-' presents 
Ihr«-.«* «ioeliiae on the a«i-land bail let lei 1. 

U'' Both bite!tugs should exploit the 

en' ii» spectrum of audtov i »ual rtleils lo piodiue a 
quality product (.e.g., jir-iatol 2Ü-0U hiietingi. 

d. Status: 

(1) Fielded: 

(a) The US Array Chemical School has a 

relatively primitive classified and unclassified 

threat briefing. 

(b) Intel tipence arid Threat Analysis 

Center, INSCOM, provides a classified briefing to 

CÜAC personnel. 

(2) In development:  Norn1. 

O) Proposed Ü'. vice/System: 

(a) NBC threat briefing (classified), 

(h) NBC threat briefing (unclassified). 

22.  Scale Model NBC Equipment 

a. Training/Simulation Requirement: Compati- 
ble scale models ol power-driven decontaminating 

apparatus and smoke generators are required to de- 

pict NBC units during terrain-board and sand-tabh 

exercises. 

b. For Use At:  US Army Chemical School, 

servier schools, units (managed by TASC). 

c. Characteristics of Desired Device/K.u iI.ty. 

(1) Models should be made ul high-impact 
plastic and in compatible stales of available 

tact i cj 1 v-h i i 1 es . 

(2) Moving parts are not required. 

d. Status: 

( I ) Fielded:  None. 

(2 ! Undei Development:  None. 

M) Proposed Devue/Syslem:  Stale model 
N|U equ i pment . 

AWH'l NIK Al ill; >K 
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..... Some of the findings of AGARD FM1' WG10 nre discussed. Image detail and resolution 
are two characteristics of visual blmulation systems which seem to be significant !n deter
mining pilot performance in a simulator. ~ITFA has been fou~,l to be a reliable metric r·or 
predi.cting target acquisition performance, however, present measurement techniques arc not 
suitable for moving imagery. Reliable techniques for the measurement of both image detail 
and resolution need to be developed. Ap~arent motion as opposed to real motion is also 
dis cussed. Neither the e f fe-:t of visual simulation characteristics on app.1rent mot ion nor 
the effect of apparent motion on pilot performance are well. understood and requlre further 
rl"~.H!arch ._,. 

• I 
1 

' fNTRODUCTION 

Working group 10 was established hy the 
t'L tght ~!echanic 's Pane::. (P.lP) of the Advisory 
Group for Aerospace Research and Development 
(AGARD) In March 1979 to consider and report the 
ch~racterlRtics of ~light simulator visual sys
t~ms. ( 1) The main task of thls working group was 
to ldentify :tnd dPfine the physical parameters 
which char:tcterise and determine the fjdelity of__ 
visual systems, and ~ o recommend tecl~'1iques for 
measuring these parameters. This paper is based 
on the findings of the working group. 

Considerable progress has been made in vi
sual simulation technology, particularly in the 
area of computer image generation. It is still 
necess~ry, ltowevcr, to m3ke many compromises dur
ing the clt•sign of a visual system before finding 
;1 solution which is both technic:-lly sound and 
economically feasible. Ideally, the tradeoff de
cisions which must be made require answers to the 
following questions: 

(:t) What visual cues does a pilot use 
when flying aircraft in specific 
missions or tasks? 

(b) Huw should the characteristics of the 
visu:tl simulation system be specified 
to enable those cues to be presented 
to the pilot with sufficient fidelity 
to allow the given task to be per
formed? 

(c) How well should a pilot be able to 
per:7orm to obtain useful training, or 
to provide useful data to the research 
engineer or psychologist, or to enable 
his performance in an aircraft to be 
preJicted? 

Some of these questions have been addressed 
by the AGARD joint working group of the Aerospace 
Medical and Flight Mechanic's Panels on fidelity 
requirements of simulation for training purposes. 
(2) 

It is :tPparent, however, t~at complete an
rwers to these questions do noc exist and that the 
designer must rely on a combination of data curr
ently available, experience with previous simula
tions and intuition. 

The FMP working group 10 was neither tasked 
with nor qualified for the address of the three 
questions, but restricted itself mainly to the 
question of which parameters should be measured 
and how they should be measured. If we are to be 
able to relate pilot performance to a set of phy
sical parameters, we must have a relevant set of 
parameters and reliable methods of measurement. 

The working group divided the physical 
parameters into three basic categories of spatial, 
energy and temporal properties corresponding to 
the fundamental quantities of length, mass and 
time. The following is a discussion of certain 
aspects of each category. 

SPATIAL PROPERTIES 

This section of the report covers metrics 
associated with field of view, depth, geometric 
distortions and scene content. The last of which 
is suffici~ntly intriguing to be discussed at 
length. The term scene content is used here to 
describe scene complexity or image detail density 
and is not related to the artistic nature of the 
scene. It is recognised that artistry can have a 
considerable impact or. the usefulness of a sc~ne 
but no attempt was made to define this parameter 
in thP report. 

The current nature of ccmputer-generated 
systems does not allow highly detailed images. 
Users are constantly demanding more detail. There 
is evidence to suggest that an observer's ability 
to judge his position and velocity relative to his 
immediate environment depends not only upon the 
quality and geometry of the visual stimuli but 
also upon their quantity, Answers to the second 

.question raised in the introduction therefor~ may 
require measurement of image content. These mea-
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sures may assist users to specify their require
ments. 

Cohen et u1 3 measured the spectrum of the 
luminance in natural scenes by analysing tele
vision video signals. They found that the lumi
nance spectra of natural scenes could be approx
imated by a function that varied with the inverse 
square of the spatial frequency. They nl~o found 
that the power spectrum of randomly spaced lumi
nance st~ps having a random distribution of 
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luminance values <>lso exhibits the inverse fre
'lll<'llcy >~quan•J function. Th<'Y ~<peculated, there
fore, that natural scenes can be thought of as an 
array '' f step luminance t rnnsi t ions h<>ving random 
spat Lal ;md m:lgnit'lde dis~ributions. 

Tlt is lt'd one member of the workJ ng group to 
specuLne th:tt scene cont•'nt could N' described 
by the density of tlw lt.minance or colour transi
tions wlthln the sc~·nc. 

The number of luminan::e or colour transi
tions ill a givC'n solid angle of a visual scene 
m:t\' b<' measured by an edge scanr:er that counts the 
number of observable edres in a given scan direc
tlcn. Take several samples acros3 the scene in 
orthogonal dirC>ctions and obtain an average numLer 
of ed~c transitions ir C>ach direction. The square 
root of the product of these two numbers is a 
measure of scene complexity. The luminance/col
our transition density is then obtained by divi
ding this number by the solid angle subtended by 
the sc<'ne. A number of photographs were analysed 
and values varying from O.ll/deg. 2 for a colour 
photograph of a wooded canyon to 0.003/deg. 2 for 
a CCI country scene were obtained. 

A certain amount of research would be nec
essary to establish the value of such a metric 
and whether other measures might be more appropri
ate. 

ENERGY PROPERTIES 

Those properties associated with radiant 
power were deemed to belong in this section of 
the report. Luminance, contrast, colour and noise 
were fairly easy to define and established tech
niques exist for their measurement. Colour is 
somewhat Interesting because little data exists 
to indicate its usefulness in a simulator either 
for training or research. Resolution, which 
should perhaps belong in the spatial section, is 
the most difficult to specify and is probably the 
most familiar characteristic of a visual system. 

Uur understanding of resolution is only 
slightly greater than that of scene content. The 
report defined the resolution of a visual system 
as its abilitv to present small recognisable de
Lalls. In recognition of the fact that flight 
simulators invariably require moving imagery, the 
definition should probably be modified to include 
the ability to prescut small movements or c:h.-:nges 
in shape of image details. The ability of the 
human visual system to discriminate fine detail 
is termed visual acuity. The ':arious types of 
v!Runl acuity nre d~fined as follows: 

(a) Minimum separable acuity i3 the abi
lity of the eye to separate two small 
objects. 

(b) 

(c) 

Minimum perceptible acuity is the 
eye's ability :o detect a smaU. ob
ject. 

Vernier acuity. is ·the ability to al
ign two objects such as two straight 
lin<'S. 
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(dJ Stereoscopic acuity is the ability 
to detect a difference In depth 
between two objects using both eyes, 

(e) Motion acuity is the ability of the 
eye to detect the motion of small 
objects. 

The significant aspects of each type of 
acuity nrc described in the report. They nrc all 
relevant to visual simulation system design al
though usually only the first of the five, min
ir.tum separabl~ nl:ct:l.t::, is specified in a procure
ment. Minimum sp,:<.r;:ble acuity (often called 
visual acuity, or V.A.) has an important effect 
on all types of acuity but the relationship is 
seldom linear and other parameters mar have even 
greater significance. Matsubayashi ( ) found 
that reducing the acuity cf one eye to 0.3 had 
little effect on stereoscopic acuity whereas 
further reduction had considerable effect. Re
searchers at the Boeing Aerospace Company have 
recently obtained similar results when the acuity 
of both eyes was reduced. 

Hinimum perceptible acuity is a function 
of the length of the object. A human hair is 
clearly visible on a CRT driven from a television 
camera even though its width is an order of mag-. 
nitudc less than the size of object whic~ the 
systc~ bandwidth might be expected to display. 
It is interesting to note that algorithms emula
ting such perforrr.ance are being developed by CCI 
systems and the results are proving very effec
tive. 

Vernier acuity is an important factor in 
flight tasks such as hovering, formation flying 
and inflight refueling. Continuous sampling 
processes such as the horizontal scan of a normal 
television camera allow vernier acuity to app
roach that of the human visual system even though 
the minimum separable acuity may be quite low. 
Discrete sampling processes such as a raster 
structure severely limit vernier acuity although 
it is interesting to note that relatively high 
vernier acuity can be obtained across the raster 
of a CRT providing the raster structure is vis
ually suppressed. Temporal characteristics such 
as threshold and hysteresis will also affect both 
vernier acuity and motion acuity. 

All the above-mentioned types of acuity 
are greatest, i.e., have lower angular thresholds 
in the foveal region of the eye. Figures 1 and 
2 show how V.A. and motion acuity vary with re
tinal ec-:entricity. The effect of luminanc·~ and 
contrnst on visual acuity are discussed at length 
in the working group report but the general ef
fect on V.A. is shown in Figures 3 and 4. 

Measurement of Resolution (Minimum Separable), 

The concept of limiting resolution has 
been used by the television industry for many 
years. It is, however, an unreliable measure, 
Differences of up to 25% can be obtained by mer
ely changing the length and number of lines in 
the displayed bar patte=ns and even casual obser
vers can detect considerable differences in 
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picture quality between systems having the same 
llmiting resolution. The most widely accepted 
~ethod for monsurlng resolution is the generation 
of a ~!adulation Tranflfer Function (MTF) using a 
sinusoidally modulated test pattern. The input 
test pattern is 100% modulated and the output morl
u.lation is plotted against spatial frequency which 
produces a plot similar to that shown in Figure 5. 
Such a curve gives a fairly adequate description 
of the resolution characteristics of most displays 
and can be used to predict operator perfonnance 
for a.number of visual tasks. 

Care s~ould be taken when specifying or in
terpreting HTF' s. Optical systems generally have 
n dtfferent HTF for radial and tangential lines 
and any sampling techniques such as a raster str
ucture or the shadow mask of a colour CRT will 
have ,, considerable effecL on spatial frequencies 
greater than half the sampling frequency. 

Although the MTF curve is a useful measure
ment for a visual system, it does not give a un
ique figure of meri~ enabling comparisons to be 
madL' between visual systems. Charman and Olin(5) 
proposed the use of the area between the MTF 
curve and the threshold detcctability curve as a 
measure of image quality for photographic syst
ems. The metric was called the thres~old quality 
factor and has been applied to electrooptical 
systems in general under the name of modulation 
transfer function area (HIFA). The threshold 
dl'tectability curve would normally be that of a 
l1uman observer but may be modified by other sys
tv"' charc1ctc,ristics. Figure 6 shows typical HTF 
curves for ;:m optical display system together 
"i.th a threshold c!etectability curve for a typ
ical observer. The areas between the threshold 
dl'~c·ctability curve and the XTF curves represent 
tho radial and tangential HTFA for this particu
lar covstem under the conditions of the measure
r.lcn t. ~ Se1ydcr ( 5) has shol.'tl that NTFA can be used 
to predict probability of recognition of real
world targets displayed on a CRT. Varying amou
nts of video noise were added to elevate the de
tectability threshold curve. 

An interesting experiment was performed by 
Hovnton and Boss ( 7) to determine the effect of 
con r:·as t and illumination on target recognition. 
They presented arrays of small dark circles to n 
number of observers. Half the arrays \,ad a 
square substituted for one of the circles and the 
task was to say whether a square was present or 
not. :he illumination of the arrays and the con
trast of the targets were varied and the percen
tage of targets reported was plotted against time 
(sec Figures 7 and 8). 

The design of the apparatus was such that 
high contrast could be maintained at spatial fre
quencies somewhat beyond tho::;e useable by the eye 
and the control of contrast was unifonnly applied 
to 311 spatinl frequencies. 

The system resolution nnd observer thres
hold curves relevani to the case of 100% contrast 
targets nne! variable lt~inonce can be depicted 
as in Figure 9. The resulting MTFA values can 
then be plotted against tnrget recognition per
formauce as in Figure 10. 
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INTERPOLATED FROM FIGURES 3 & 4 

FIGURE 8 AVERAGE TARGET ACQUISITION CURVES 
FOR 400 !tL AT DIFFERENT CONTRAST 
LEVELS.  (FROM BOYNTON i .HOSS) 

FIGUR* 
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KTFA  IN ARBITRARY WITS 

10    RELATION  BETWEEN MTFA AND 
TARGET  RECOGNITION  USING 
LUMINANCE  AS  A VARIABLE. 
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The percentage of target:; reported tn three 
seconds has been used as a measure of observer 

performance. A three-second search task not only 
seems relevant, to many Flight tasks but was also 

used by Boynton in his own analysis of the data. 

Figure 10 shows a surprising degree of correla- 
tion between MTFA nd observer performance under 

varying illumination levels. 

In general, it would appear that MTFA can 
be used to predict observer performance in tar- 

g.t acquisition tasks providing that the system 

M'l'F exhibits normal behaviour. 

Dynamic Aspects oi   Resolut ton. 

MTF curves and tnreshold de tectahi1ity cur- 

ves are normallv obtained using static images. 

I'nf ortunately, the image presented to .J pilot on 
a visual simulation system is seldom static.  A 
much more relevant metric would be one that mea- 
sures dynamic resolution.  System MTF can be de- 
graded considerably by such factors as TV camera 
lag, display decay time and various aliasing 
effects. 

Threshold detectability curves will also be 
degraded at high image velocities by factors such 

as the image refresh rate and the basic paramet- 

ers of the human visual system.  It should also 

be realized that applying movement to the exter- 
nal environment as depicted on a visual simula- 

tion system, rather than to the aircraft itself 
as in the real world, may effect the performance 

of the human visual system. 

Several techniques can be used for the mea- 
surement of static MTFA but no known techniques 

exist for the measurement oi  dynamic MTFA.  A 
performance rr «trie based en tasks similar to that 
used by Boynton and Boss seems to h A\)  attrac- 

tive method for measuring dynamic resolution. 

TEMPORAL PROPERTIES 

Establishing geaeral procedures for the 
measurement oi  temporal properties is difficult 
due to the variety et techniques used for the 
generation oi   visual scenes.  The following char- 
acteristics were determined to be significant .mA 
techniques tor their measurement are described in 
the report of the working group. 

Excursion limits (i.e., maximum velo- 

city) 

lime lags 

Noi.se 

Linearity 

Hysteresis 

Thresholds 

These characteristics ire applicable t-.< ail 

type« of visual simulation MUI   ire particularly 

important when considering pilot or aircraft 
performance in c1osed-1oop situations.  Ideal l\ 

the measurements should be made at the pilot 

Measurements made at the input to the 

display device are usually more convenient al- 
though allowances should be made for the prop- 

erties oi   the display device or video link it- 
self.  Most oi   the characteristics will be aff- 

ected in some way or other by the display, i.e., 

threshold will be affected by the vernier re- 

solution and time lags will be affected by the 
refresh rate and response time of the displays. 

Perhaps the most interesting a*:-cct at 

the video link, and one about which we hav•■ very 
little knowledge, is the illusion oi   smooth move- 
ment created by television displays. 

The phenomenon of apparent motion created 
by a succession of static images having approp- 

riate spatial a d temporal relationships has 

been known for .any years.  Aparr from it-- ob- 
vious use in th ■ television and motion picture 
industries, it 'as provided an interesting ana- 
lytical tool vcich has generated a considerable 
amount of data concerning the conditions which 

enable smooth continuous motion, jerky motion or 

succession to be perceived.  Many oi   the inoma- 

lies often seen in current visual simulation sys- 
tems can be attributed to a change in the 'per- 
ception of apparent motion by the in.man visual 

system.  Stroboscopic effects sometimes see'1 

with runway markings are a good example at this. 

Interlace crawl (in. which one-half oi   the raster 
lines seem to disappear while the remaining one- 

half movt sljwly up the screen) is caused ry the 
interlaced raster structure being perceived as a 

set oi  horizontal lines moving a single line 

spacing in one field time.  The breakdown of 

smootli motion seen on systems using random tex- 

ture nay be explained by Julesz's (") experi- 
ments with random dot arrays.  He found that the 
spatial separation, between successive exposures 

could not. exceed IS arc minutes for motion to be 
seen.  Smooth notion car. be seen with discrete 
objects when the spatial separation is as much 

as 4 .  Braddick ("') speculated that the diff- 
erence was due to two distinct levels of pro- 

cessing In t'ae visual system being responsible 
for the Interpretation oi  apparent motion. 

Tlu- notion is random dot arravs seems to 
be determined by a lower-level process base-.': on 

direct tonally selective neurons while the men 
general form o* apparent motion is determined 
by an upper-level process using interpretive 

techniques b;»sed on the overall situation. 

The question arises as to whether or not 

our perceptual exp rience oi  apparent motion is 

different fron that of real notion and whether 
or not the visual system characteristics associ- 

ated with real motion can be applied to apparor! 
motion.  A corollarv to this question would be 

to determine how the characteristics oi   apparent 
trot ion are affected by the character! :*t les oi  the 
d isplay. 
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CHINCH'S IONS 

Thy main task of FMP Working Group 10 was to 

defin the es.scn.tial characteristics of visual 

simulation systems and to recommend suitable mea- 
suring techniques.  A certain amount of research 

is still needed before a standard set of proced- 
ures can be recommended for all characteristics, 
however, such research will have limited value 
unless an attempt is made l .<  answer the three 
questions raised in the introduction.  These que- 
stions can perhaps be summarised by one, I.e., 

what visual cueing is necessary in a simulator to 

obtain effective training (or research)?  One of 
the recommendations of the joint AGARD working 

group on fidelity requirements for pilot training 
was to establish AGARD working groups to pursue 

the entire training effectiveness question.  AGARD 

cannot perform any research itself but the mul- 

tinational, mul t idisc i p 1 in.iry approach used by 
AGARD seems ideally suited for the task oi   defin- 
ing the required research. 

Major Genera] Abrahamson opened the 1980 
1 luerserv i ce/ Indus' ry Training Conference by giv- 
ing the entire industry, including the users, a C 
rating as regards performance.  An A rating is 

probably unattainable as it ..vuld imply perfec- 

tion, however, it should be possible to achieve 
a B rating hiring this decade if a concentrated 
attempt is made to answer the training effective- 

ness quest ion. 
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Visual Systems (.1981) 
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FILTERING SIMULATED VISUAL SCENES - SPATIAL AND TEMPORAL EFFECTS 
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ABSTRACT 

^In computer image generation (CIG) ^spatial filtering^ refers to the combining of tonal information 
from scene features Inside and in the vicinity of a pixel to form the video for that pixel. Several inves- 
tigators have recently proposed improved filters, validating their choices with pictures of sensitive 
test scenes. It can readily be shown that filters which produce the best static scenes generate serious 
artifacts when applied to dynamic field-rate update CIG. The investigations in the literature have not 
explored this topic. When some necessary conditions imposed by the temporal effects of interlace- 
scan systems are applied to the algorithms, the differences between simple filters and the more com- 
plex filters become quite mjior, even on the static test scenes. On CIG training scenes, designed to 
simulate the real world, the differences in results of a variety of filters become imperceptible. 

SPATIAL FILTERING 

When computer image generation is used for visual scene 
simulation, the scene is computed as a large number of 
discrete values of video. Each computed value applies to a 
defmeo distance along a scan line This region, typically a 
square or nearly square area on the view window, is referred to 
as a   pixel 

Video for a pixel is for- .ed using contributions from defined 
scene features - faces, point lights, fog. texture, etc Video may 
be formed from only one point in a pixel, using all information 
inside the pixel, or using scene information from a larger area 
containing the pixel ■• all have been used The contribution to 
pixel video of scene features may be uniform. Gaussian, 
bilinear, sineiwxi/x. or any other weighting-many have been- 
used 

The process of forming pixei video according to a prescribed 
set of rules is generally referred *o as spatial filtering. It has 
also been called anti-aliasing, antirastenng. quantization 
smoothing, and other terms Just as standard filtering can be 
shown to be equivalent to time convolution, spatial filtering is 
equivalent to space-domain convolution. Reference 1 examines 
this topic in soi.ie detail and concludes that performing the 
computations as convolution in the space domain leads to 
more efficient implementation than computing in the spatial 
frequency domain via transformation techniques. 

A number of recent'/ reported studies (2) <3*(4J (5) (6)make a 
case for a preferred spatial filtering technique. They are il- 
lustrated with scenes of ery sensitive test patterns which do 
indeed show the superiority of the technique being discussed 
This ieaves unanswered two important questions. Have the 
temporal effects associated with interlace raster scan displays 
been adequately consider »d? Are the differences sufficiently 
great to be of significance for the scenes used in training 
systems? 

Integration Filtering 

Figure 1 shows a group ol nine pixeib. identified by their scar. 
!,,;e number, I, ar.d pixel number along a scan line J Video ts to 
be determined tor the cener pixal To the knowledge ot the 
autnor no investigator has proposed that feature fragments out 
side a two by Iwo pixel region surrounding the center make any 
contribution to the cente' p xel video'  Hence, only the portions 

of faces A and B shown inside the dashed lines will be con- 
sidered. A weighting function, W(I.J) defines the desired filter 
-the origin is translated to the center of the pixel being com- 
puted. For each face, the color is defined by the red. blue, and 
green components. Further, due to a variety of types of modula- 
tion, these will themselves be functions of I and J; RA(U). 

BA(U). GA(U). RB(I.J) BB(U). and GB(U). Pixel video is com- 
puted by integrating over the area covered by face A the product 
of W and each of the face A color components, doing the same 
for face B (and others if there are more than two), and adding 
the results. 

I-ACE   A. 

j FACI 
r~ — 
i 
i 
i 

r   i 
i 
i 
U — — 

1 
---I 

Figure   S.      InfegiOtlon  Filtering 

'Computation of combined op.„al and electronic transfer func 
tion for simulated displays c! electro-optical viewing systems 
(forward looking infrared and 'cw light level television) involves 
an exception to this statement Weighted contributions ot com 
puted video I'om arrays as large as 9 x 9 pixels are used to 
determine the displayed video for the pixel in the center 
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Oversampling Filtering 

In oversampling each pixel is considered as an array of n by n 
subpixels. as illustrated in Figure 2 (or n = 4. The weighting 
function is integrated over the area of each subpixel and the 
results are stored in a weighting table (reterred'to as an image 
plane convolution table in reference t, and as a pre-computed 
lookup table i;. reference 2). These weights are .nultiplied by 
the face color components at the centers of the subpixels. and 
the results are s-jmmed to obtain the pixel video 

LINE 5UBLINE WEIGHT 

r 
1 

86 1 
_   2  

_ J _ , d 

h c > 
1 b 

87   < 
2 a 

.J... a 

v           h b 

88 

Figure  3.     Subline  weighting 

Figuie 2.     Oversampling Filtering 

This process is sometimes discussed in terms implying it is 
an entirely different entity than integration smoothing as 
discussed above It seens more enlightening to discuss it as a 
technique tor approximating the exact results of integration 
smoothing. Thinking along these lines led to the followmc, 
statement trom Reference 3 "Since no improvement in image 
Quality was perceivable for n greater than 8. we used this value 
as representative of exact area-weighting." That is fully in 
agreement with our experience, applying to scenes using over 
sampling made m out laboratory since 1974. In fact, an n of 4 
gives results whose differences from exact computation is 
barely discernible on sensitive test patterns Considering the 
suable reduction in computation required by the lower value of 
n it seems a reasonable choice tor real time hardware. A com 
parison of resuliS in Figures 1 and 2 is instructive If we assume 
uniform weigh.mg. then integration smoothing gives 0 2158A * 
0 7842B tor the pixel, while oversampling smoothing gives 
0 2188A  =   0 7813B 

A Necessary Condition 

0 

o 

0.5 

1/8 

1/8 

I 1 /8 

1 '8 

1   8 

i r 

Figure  4.      Unifo.-m Weighting 

In preliminary diSCUSSion to clarify some of the concepts, 
only one dimension will be considered It will be assumed then' 
is no variation alcng scan lines, but onlv vertical variation 
Figure 3 identifies ihree scan lines, iheir suülmes. and weights 
of subhne conjnbutions in lor matron of video fo. scan line » 87 
First consider a uniform two line weighting a -h-c--d If the 
entire view window is covered with a smgie face of intensity 
"1", the value of video for Ine 87 must be 1 The value computed 
from the designated weights is 2A • 2b « 2c • 2d This sum 
must be 1   so each weight must be 1 8 

Now assume a horizontal stripe of intensity 1 just covering 
sub1 ne 2 of line 87 it makes a contribution of 1 8 to line 37 and 
a contribution of 1 8 to line 86. or 3 total eoniubut on or 1 4 to 
the view window If we shift this narrow strip vertically so that it 
covers an-, othet subhne. we find the contribution, to trie window 
remains unchanged This pattern of weights thus meets a 
necessary condition sU ted by AC Erdahi as Quoted in 
Reference 4 

The total energy contributed »o all display pixels by a 
scene fragment should remain constant and be indepen 
dt-nt of its position relative to tr.e pixel structure 

In order for a set of weights, a.b.cd to meet Erdahls condi- 
tion it is necessary that a + d - b + c - 0.25 To illustrate that 
this condition is far from universally recognized, one in 
vestigator produced scenes f^r evaluation using Nonumtorm 
weighting over a region covering only one sampling period 
Since only one sampling period was covered, d = c - 0 Su.^e 
nonumform weighting was specified, a = b Hence the 
necessary condition could not be met, and d could be expected 
without the need for evaluation that the result* would be un- 
satisfactory 

Reference 5 proposes triangular weighting of display spot in- 
tensity as optimum, m an investigation of display of sampled in 
formation This 'epresents a reasonable cand.date tor spatial 
filter investigation Figure? 5 shows tr <• weights - they meet the 
Erdahi requirement 

Reference 3 works from «he ideal frequency domain hüei and 
arrives at W(l Ji -- Sm ,rh Sm tirj) ij as '.ho optimum weighting 
Fiqute 6 shev .i »nis in one dimension scaled so the total area is 
1 Here a ■ d = 0 2385 b • c - 0 2645 This filter does not rneel 
the »i'iqhfness mvariance ft-qutfcnenl   Nevertheless   as Shu*n 
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by the scenes reproduced in the paper, it gives excellent 
results. Thiü indicates that some departure from the equality 
ideal is tolerable. One might consider a little "fudging" of the 
weights of Hgure 6 to make a + d = b^c One ! is a strong suspi- 
cion such a process would end up giving the weights of Figure 
5. 

One other weighting pattern will figure in subsequent discus- 
sion, and hence will be defined here. It is the single-line uniform 
weighting illustrated in Figure 7. Applied in two dimensions, 
this gives uniform weighting over a single pixel. This has been 
the weighting function most widely applied to real time systems 
to date. 

TEMPORAL EFFECTS 

Raster-scan display devices paint first the odd-numbered 
scan lines, then the even-numbered scan lines -• the odd field 
plus the even field comprise a frame. With U.S. television stan- 
dards, each field is 1/50 second; a frame is 1/30 second. 

Eariy CIG systems employed frame-rate update. Thirty times 
a second updated viewer position and attitude data and moving 
target location and attitude data, were applied to generation of 
video for the next frame This led to a number of undesirable ef- 
fects: a step effect and a "comb" effect associated with high 
contrast  moving edges. dvjbling of  lights  and other  smai! 

Reference 4 addressed some of the topics discussed above. 
but did not explore the full impact on the selection of filter 
algorithms. 

To extend Erdahl's statement to deal with interlace effects, it 
must apply not to the frame, but to each field Generated Let's 
investigate quantitatively what this implies. 

Figure 8 shows a face covering scan line 87 at the time the 
odd field is being calculated. Lines 86 and 88 get zero contribu- 
tion, since they are in the even field Lines 85 and 89 get zero 
since they are outside the range influenced by the face in the 
location shown. Line 87 gets a contribution of 2a * 2b. Figure 9 
shows the same configuration with the weights applicable dur- 
ing the generation of the even field. The totai contribution of the 
face to the scene is 2c + 2d 

^iguies 10 and 11 show contributions when the face is 
"isected by a scan line boundary. In both cases the total con 
tnbution is a + b + c+d. The requirements established earlier; 
;-;-f d-D ♦ c = 0.25 still apply since even with field rate update 
the s~ene may be stationary 
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Figur'"   5.     Triangular Weighting Figure 6.     Sir» («rO I Weighting Figure   7.      Single   Line   Uniform 
Weight inq 

features at certain rales of movement, and in general a lack of 
smoothness m perceived motion Updating the scene at field 
rate require«; only modest increases in hardware, it solves or 
greatly improves the effects l-sted above, but it mtrocuces a 
new undesirable effect 

Assume the filter of Figure 7 is being used Assume a horizon- 
tal face one scan line high on the view window Assume lurtnei 
that this face is moving vertically at the rate of one scan lm * per 
field time if the face is located on an even scan line when tin.* 
odd field is being computed, and on an odd scan line when the 
even field is being computed, it will contribute zero brightness 
to the scene It the converse is true, it it is locked on a scan line 
of the field being generated, it will contribute its full intensity 
twice per frame Both effects are incorrect It the face »a moving 
at a slightly different rate it will appear and disappear It it is 
inclined slightly from the horizontal and moving face breakup 
will appear 

Summarizing requirements, we now have 2a ♦ 2b = 0 5.2c 
4 2C = 0 5.a*b + c + d » 0 5.a + d ■ 0 25. t * c = 025 The 
uniform weighting of Figure 4 obviously meets all these re 
quirements. but the requirements as • .a:e<i do not absolutely 
dictate this, distribution Consider a 0 15, b «O.l.c »0.l5,d 
- 0 1 These satisfy the above equations However, a look at 
Figure 12 showing trv* snape of the distnt tion giving this set 
of weights indicates il to be absurd When an interlace display 
system is used with a ClG system with field rate update, it is 
necessary to apply the uniform distribution of Figure 4 in tne 
scan line direction We applied it on a real time system m our 
laboratory in 1977, and it not only solved the twinkling face and 
light problem, but unenpectedly produced significant improve 
ment »n the mterlace-caused step effect 

The above establishes required filter shape in the vertical 
direction, but still leaves us with & degree of freedom in the 
horizontal direction 
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Figure 8.    Face on Scan 
Line.   Contribution to 
Odd Field 

Figure 9.    Face on Scan 
Line.   Contribution to 
Even  Field 

Figure   10.     Face 
Bisected by Scan Line 
Boundary.   Contribution 
to Odd Field 

figure   1 1 .     Face 
Bisected by  Scan Line 
Boundary.    Contribution 
to  Even  Field 

Figure 12. Weighting Which Meets Necessary 
Conditions Established So For; Yet 
is  not   Satisfactory. 

TWO DIMENSIONAL WEIGHTING PATTERNS 

Figure 13 shows an isometric representation ot a two 
dimensional weighting pattern m which the weight is displayed 
as height I! i? the one propose m Reference 3 

W- 0 067728 
stnivlr sinrvji 

( J 
!'!<* !J|<' 

Figuie   13.     Isometric   Depiction of Two- 
D* nensionol Weighting Pottem 

tn which the scale factor is chosen to make the total integrated 
weight (the total volume under the surface shown» c-quai to on- 
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Figure 14 shows an alternate depiction of the same informa- 
tion, with separate portions of the figure showing the portion of 
the view window within which scene features affect video for 
the center pixel, the weight «s a function of J for I = 0. and the 
weight as a function of I for J = 0. Tne weighting functions for 
the filters investigated in this study will be shown in this 
manner. 

P 

i r 

r - r * r 

-J   i L 

Figure   14.     Alternate   Depiction  of Two-Dimensional 
Weighting  Pattern 

Brightness Consistency in Two Dimensions 

Figure 15 shows a group ol pixels surrounding pixel 103 of 
scan line 87 The subpixels whose scene content contributes to 
the video of the center pixel are shown, with labels designating 
the weight of their contributions. Any weighting scheme will be 
symmetrical about the vertical and horizontal axes: hence, i! we 
consider the weights in the upper left quadrant the same results 
will apply to the remaini ^g quadrants 
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Consider the subpixel labelled "e" in the upper left quadrant. 
A face exactly filling this subpixel will contribute to the 
brightness of pixel 102 of line 86. If we mentally move the 
weighting table to be centered on this pixel, we find subject 
sobpixel contributes a weight of "h" to pixel 102 of line 86 Con- 
tinuing the analysis, we get the following results: 

Contribution To Total 
Line 86     Line 86     Line 87     Line 87       Contribution 

Subpixel    Px. 102     Px. 103     Px. 102     Px. 103    to View Window 

e h 

bj kj 

bj kj 

a m 

cj 

9i 

di 

9| 

cl 

di 

bj 

a 

h f f| + fj + e 

kj i C| * g, 4 b, 

kj* 9i < Cj ♦ b, 

m * di * di + a 

Integrating the defined weighting of Figures 13 and 14 over 
each subpixel. we get the following as [be upper left quadrant 
of weights: 

0000919 0.003021 0.005009 0.006214 
0003021 0.009937 0016475 0.020439 
0005009 0.316475 0027316 0 033888 
0 006214 0 020439 0 033888 0.041736 

Applying these numbers to the results tabulated just above. 
we find that a feature just covering subpixel "e" contributes 
0 0702 to view window brightness. b| contributes 0.0624. bj con 
tributes 0 0624. and "a" contributes 0.0551 Obviously Erdahl s 
condition is not met Ea~h subpixel should contribute 0 0625 to 
total brightness If we envision an array of snbpixe! sired 
features with one such feature in each pixel, as the features 
move relative to the raster structure brightness vanes by 0 0151. 
or 24 2' ... 

The weighting used above to illustrate the concepts was 
selected as a candidate for evaluation because it has a sound 
theoretical foundation and has given excelleni i:suits in 
tests'3) Designate it as weighting A for subsequent discus 
sion 

Weighting    B*\ Figure 16   is as close as you can get to 
weighting 'A', while properly handling the temporal effects 
associated with field rate update and interlace scan display 
systems 
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Figure   16 

Figure   15.     Subpi».el  Weight   Identification 

Weighting  B.   Horizontal. Sin  J  J 
Vertical:  Uniform    {"A" modified to meet 
interlace temporal requirement0 

535 

—*—mi   ■ i M—M mmjmm matrnm^m 



Weighting "C", F.gure 17, defines a pyramid over the region 
of the view window contributing to pixel video. It is the two- 
dimensional equivalent of the weighting of Figure 5. discussed 
in Refererce 5. 

Weighting "D". Figure 18. is weighting "J" modified to meet 
interlace requirements. 

Weighting "E". Figure 19, defines a cone over the pixel. It is 
one which was proposed in Reference 2. 

Weighting - F", Figure 20, is the one line by one pixel uniform 
weighting v.nich has been the one most conrv.ionly used in real 
time systems. 

Weighting "G". Figure 21. is a uniform two-line by one-pixel 
weighting. It was applied to a real-time laboratory system in 
1977 and not only cured the problem of narrow faces disappear- 
ing, but also greatly improved other interlace arti.acts such as 
comb effect and interlace-step effect. 

Weighting "H", Figure 22, is two-line by two-pixel uni-'orm. in- 
cluded to determine its effects. 

The tests were made using a laboratory software scene 
generation system, with capability to imp'ement any desired 
spatial filtering merely by inputting the desired set of weights. 
Fart of the system is a time-lapse video disc recorder which 
allows sequences to be produced in slow time and viev/ed in 
real time. 

W 

Figure   19.     Weighting  E.  Cone 

r 
i 
i 
i— 
i 
i 
L- 

 T 1 1       -t -r—T 
i.       i 

LI I 'o 
 1 

L__l_„x__J 

I   l I   1 i   I   l .1   l   I   I  l 

-1 0 1 
J 

Figure  20.    Weighting F.   One  line  by  one  Pixel 
uniform 

Figure   17.     Weiqhrinc  C.   Pyramid 
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Figur*.   18      Weighting  D.  ("C" modified to meet 
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Figure  21.     Weighting G.  Two  line t>y o^e pixel 
uniform 
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Figure  22.     Weighting  H.     Two  line  by two pixel 
uniform 

Limitations of Pure Oversampling 

In pure oversamping, when the center of a subpixel falls in- 
side a face, that sutopixel's contributions to video for pixels are 
based on the coloi of that face If we consider that an incremen- 
tal movement of an edge may cause it to gain or lose one sub- 
pixel this will cause an abrupt change in pixel video on the order 
of 1/16 to 1/64 o» the total contribution, depending on the 
specific filtering algorithm being applied. However, with certain 
orientations of edges (vertical, horizontal. 45") an incr mental 
change in edge position can cause it to cross the centers of a 
group of subpixels. causing changes in pixel video much 
greater than indicated above 

Figure 23 illustrates the type of problem this can lead to The 
face bounded by the dashed lines has a brightness of 128 -• the 
background has a brightness of zero To really make this worst 
case, weighting F. unifc^m one line by one pixel, will be assum- 
ed. Pixels 11 and 12 will have brightness of 96 - in each of these 
pixels the face contains 12 subpixels Pixels 13. 14, 15, and 16 
will have brightness of 64. and 17 and 18 will have 96 again 
Thus the scan line will nave bright segments separated by a dim 
segment 

This effect is quite apparent on high sensitivity test patterns, 
but is rarely noted on actual training scenes. The cure is to 
designate subpixels belonging to a face Lased not on subpixel 
centers, but in such a manner that the total number of subpixels 
designated most closely approximates the total pixel area 
covered by the face When properly done, this resu'ts in a 
system in wh.ch an incremental movement of an edge will 
result in irrperceptable change in the scene 

Selection of Test Scene 

If one wishes to make a valid comparative evaluation of a now 
computer, he would be well advised to apply it to benchmark 
programs which have been used on prior computers. Similar 
standardization would be o* merit in spatial filtering mvestigr- 
tion. In the past, different workers have applied their techniques 
to a variety of test patterns. Of these, the most sensitive ap- 
pears to be the one used in Reference 4 

The pattern consists of triangles radiating from a common 
center. The triangles arc defined as maximum intensity 
polygons against a black background At the periphery of 
the pattern each triangle is one pixel wide and the space 
between neighboring triangles is four pixels 

Each of the filter weights discussed earlier was used to 
generate scenes for evaluation using the described test scene 

Scene Evaluation 

The following comments are based on evaluation of 8 x 10 
photographs of the test scene made with various filter weights 
It is impossible to predict the degree to which the subtle dif 
ferences will survive tne process of size reduction and halftone 
printing - which can itself add further Moire effects to the 
scene 

Figure 24 shows the test scene without filtering - each pixel 
gets either face brightness or background brightness, depend- 
ing on the location of the pixel center. We look a« this and 
chuckle It is hard to believe that there was a time when all CIG 
was based on such processing. Not only that, but scenes pro 
duced in this manner are shll providing training with proven 
transfer 

At the other extreme, filters A. C. and E give the best results 
for the static test scene, although it is known they would be un 
satisfactory with a dynamic field-rate update system. There are 
only very slight differences among the^e three Contrary to ex 
pectations. and based on the concensus of a number of 
observers, the conical filter. *E. Figure 27 gives the best 
results 

riltei B (Figure28> can be thought of as Filier A modified to 
be satisfactory with field rate update and -nterlace smoothing 
The horizontal filler shape determines the character of the near 
vertical triangles, and the necessity uniform vertical filter 
deteimmes (he character of the near horizontal triangles Trie 
near horizontal triangles begin to exhibil aliasing at a qreater 
distance from the center man the neai vertical 

Similarly. Filter D (Figur. 29- can be considered as Filter C or 
Filter E modified for temporal effects and the analysis of the 
appearance is the same as that of Filter B 

Figure 30 shows Filter F. the easily implemented 1 line 
uni.'orm weight filt.-r that has been the standard in real time 
anti-aliasmg Figure 31 Filter G is a uniform weight ? uw by 1 
put'! filter Figure 32 Filter H. is uniform. 2 lines by 2 pixels 
These three exhibit very minor differences As expected tne 
near -horizontal manqte? \oo^ very much like these on the 
earlier uniform vertical weight tillers 

PIXEL   NUMBER 

1 1 '.2 13 it 1 S 16 17 16 

<*h <*6 64 6* 6a 64 '*> % 

PIXEL    BRIGHTNESS 

figu.e   2?       A  Probier*» with  Pure   OvrrsompiiiK) 
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Training Area Test Scenes 

A scene in a VTOL landing area data base was selected as 
representative ot scenes encountered m training A viewpoint 
was selected which placed a plant with numerous pointed 
leaves involving edges at a variety ot angles near the viewer 
Scenes were made using Filters f and F the two extremes in 
quality (aside from the notuter.no case) based ot\ the sensitiv ' 
test scene It was intended to print bolt»; however, alter a 
number of observers were unable to detect any difference.:., it 
was concluded tfti,v would be a waste ot papee The Filter E vet 
sion is shown as Figure 33 

Figure   26.  Test Scene With Filter C, Pyramid Weighting 

Figure 24. Test Scene Unfiltered 

Figure   27.     Test   Scene  with Filter   I,   Conicci  Weightii 

Figure 25.  fe.t Scene With FiUei A, $i»*iSi»»J  \l 

Figut* ?S.    Test  SV«*M«> *;»h Filrei   9,   S«< » j J 
Ho'ilOfitoi.   Unifo-.tn   Vertical 
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1-iswre 2'?. Test Scene with Filter D, Trargular 
Horizontal; Uniform Vertical 

F;~rure 31. Test Scene with Filter G, 2 Line by 
1 Pin~! Unifom 
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Figure 32. Test Scene with Filter H, 2 Line by 
2 Pixel Uniform 

CONCLUSION 

There may tJe some doubt wlletllr:r ttw toprc of spatral filter· 
ing really calls for tile amount of invest1qation iHlc1 <:vJiuatron 
bernq arwlrecl to rt In Reference G Franklrn C10v.· states 1111· 

ages marie at low r0solutrons can be perfc?ctly :H1Pqu3te r' alr;rs· 
rnq efft'Ch <He suffiCil?ntly reclrrceci ·· Wlwther nr not onr; fully 
dCCcpt!:; 1!11~; stalc!llL'nt. tl1crc c~u1 be no doubt that <1 ._,ystcrn 
'NIIIl cfiC'ctive sp:lli31 lilterinq at one resolutron wrll he fum:
tronally ec;urval<?nt to a system with less effectl\e fritcrrng at a 
higher re~;olution. ;Somf' of tile f'arly non·t•·al tii1H? scene 
qcner:11ron usr:ll ·1000 x ·1000 rPsolutnn witl1 no spatr<ll filt<•rrrHt 
and produced cxcullenl t('~;ults 1 

One cannot autornc:tically st3tc th:Jt tlw most c•fk•ctrv,; fr:ter· 
inq known slwulcJ t•e used. It may bf' srgnrfrc3ntly nrore '"·I'Cn· 
srve tt1an tile next most eff·::ctive. It m;1y exl1rllll rt~. superrorrty 
on the sensitive test oattern. iJrJt show no c1rscernable tlrf· 
terence on traininq sc.t:nes In ev:.Jiuatlll(J t11e options. factors 
such as cost ancl S\·stern requrremcnt~. must ~-'e consr<lerecl :JS 
well as effc'ctiveness of varrous filterrnq ,1lgorrtt1ms 

In establish1nq the fact t~,at unrkrm vertical weiqlltrno 1s 
essential to elin;inatc temporal effects of rastm inll'rlace. -il1is 
study removccl one clegree of freedom from tt1ose available to 
tl1<: tiller .1lc;orill1m developer Tile evalu;~t.on scent'S cstillllisll· 
eel th3t filters exhibrtir1g significant diffe(('nces wl1e11 ttwrr tlrf· 
ferent wei(]lllings were applied in two ciimensrons showed less 
siqnrficant difference wl1en the unrform vertrcal W<'iglltrnq ,,, 
quirernent wa~ imposed. 

The lack of detectable difference when filtr:rs at ttw extremes 
of the quillity range were appliecl to typical traininq sr:cnes in· 
dicates t11e irnportancc~ of cvmuatinq alqorrthms applrecf to the 
types of scenes to bt, used. and b;~lancrnq ,my dif~tHt~nr:cs 111 
results aqainst the cost diffPrences. 
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Figure 33. Training Scene U~ing Filter E 
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AbSTRACT 

'This     paper     describes     the     basic     applications     of texture     in     a     low     cost     visual 
system.       Texturing,     as    applied    in    this    paper,     is defined    as    the   modulation    of    the 

of    a    color    on    a    surface        This    gives    a more    natural    appearance    to    the 
at    a     relatively     low    cost    to    the    system. The    use    of    tenure    to    produce 
movement,     to    create    spacial     effects,     and to    give    the    viewer    a     realistic 
of       perspective       greatly       improves       the training       capabilities       of       visual 

mtensi   . 
surface 
realistic 
feeling 
simulation systems. 

HiSTORY 

Texturing plane surfaces in a visual system 
is not an entirely new -.oncept Btinn and 
Newell took the idea of mapping an image onto 
a smooth surface And extended it into mapping 
synthetically generated texture patterns and 
highlights onto surfaces   ' 

General fiectnc used '-e.xture patterns to 
emulate three dimensional objects in a 
system called the WSA Surface Generator. 
The output from thts digital ground plane 
generator «.is one of thw first systems to use 
the concept of a nested hierarchy of texture 
patterns 

Later, edge generation Aas «idded to the 
system to allow other surfaces to be 
modeled f he current !ov i osi systems have 
had the ability to generate many surfaces 
using edge-face definitions, but are turning 
to texture as a *ay t< increase scene 
complexity 

INTRODUCTION 

The use of texture »n a low cost system not 
only enhances the visual simulation of a 
scene for a viewer or trainee but also 
atlowt the modrlrr much greater flexibility 
in       generating       data       bases As       texture 
modulates the interior of the surface it is 
applied to the modeler r,o longer fu»s to use 
many  surfj'ei to delineate specific features. 

Low cost visual systems that are limited to 
several thousand calligraphic lights and 
several hundred        surfaces have been 
successfully used for commercial and military 
pilof training 

Thesrf systems ^\re effective fo; training 
activities that involve take-off. landing, 
and navigation, but because of the limited 
number of available surfaces, they are ".of 
able to produce the scene complexity 
necessary for advanced training. The problem 
has b;; \ to ' nd a way to extend the training 
capability of these systems by providing i 
gre.**.er number of training cues, and while 
pre?   rving the system •; low cost 

The best solution found for a low cost system 
was to provide a *ay °: *«* -in9 information to 
the surfav.es used to make up a scene. A 
change in the intensity oi the color across a 
surface provides a charge in position cue, 
while the modeling and real time Co { is only 
one       surface. This       intensity      change      is 
produced through the additioi of texture. 
The modulation of the intensity of a color on 
a surface is provided by table lookup of the 
intensity change in a memory whose address is 
a function of position on the surface 
Figures 1 and 2 provide contrasting views of 
the same scene with ard without texture 

Te,/;ire has been added to the NOVOVIEW SP3T 
vi' idi system. Working with texture on this 
system has provided tror* information on the 
way moduli sre c nst.-ucted wit>~ texture, as 
weli as in way texture should look and 
perform. 
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With the introduction of texture, there have 
been        significant        increases in training 
capabilities     of     the     system Advances     have 
been trade in such areas as low level flight 
and over-water data bases that had previously 
presented special problems for low cost 
systems. 

scale factor is SOU feet, the combination of 
the three patterns will not repeat for 7200 
feet. The least common multiple of the scale 
factors is the point at which the combination 
of the patterns repeats. Th'S is useful in 
minimizing the repeti* iveness of texture 
patterns. 

TEXTURE BUILDING BLOCKS 

The basic texture bu.lding blocks are the 
texture patterns, the scale factor for each 
pattern,  and color. 

SP3T texture modu^tes the intensity of the 
color of surfaces in the ground phne, or in 
planes parallel to the ground plane. 
Individual texture patterns are stored >n 
memories and addressed as a map of points. 
Each of these patterns can be combined 
together to modulate the intensity of a 
surface. 

The Scale Factor 

Data is ger ....-rated in sever.- different ways, 
each targeted towards a particular 
application. Pie       surface       description        is 
expanded to include not only        color 
information, but the combination of available 
patterns to be used to create the overall 
texture of the surface. The texture patterns 
are mapped onto the surface according to the 
scale factor specified by the modeler. The 
scale factor is used to determine the area on 
the ground that will be covered by one 
occurrence of the texture map. 

The scale factor is used by the modeler in 
three different wavs: 

The Clamp Value 

The amplitude of each texture pattern is 
modulated to provide control of pattern 
en £>rgence according to the size of the 
pattern as it varies throughout the image. 
This function is based on computations that 
relate the scale factor to the image size 
projected     into     model     space. The     ra.io    of 
this distance to the scale factor is called 
the clamp value . This value is calculated 
independently for each texture pattern. This 
method of antialiasing lias proven to be more 
useful m controlling texture than any other 
method  in   use. 2 

For example, a surface that is textured with 
two texture patterns, one with a large scale 
factor A and the other with a smaller scale 
factor B, will have changes 
texture pattern at different 
the surface. As this surface 
the texture pattern with the 
will be visible sooner than the pattern with 
the scale pattern B. A clamp value is 
calculated for each texture pattern's scale 
factor. The clamp values are applied to the 
patterns individually. 1 his allows the final 
patte n to change and emerge as a function of 
the viewing perspective. The bandwidth of 
the scene is controlled to allow only the 
information that is free from unwanted 
aliasing to be viewed. 

in the overall 
proximities to 

ts approached, 
scale    factor   A 

1. It  sets  the working   iltitudes  the  texture 
is   to   !>••   used   .it . 

2. It  controls   the   repet ;t iv»>ness  of   the 
texture   pit terns. 

i.   It   controls   the  point    it  which  the  texture 
emerges   into   Lite   MJ-III

1
. 

For example, if a s^ale factor of UK) feet is 
specified for a texture pattern, then die 
pattern will be repeated every 100 feet. The 
modeler can specify the scale factor for each 
textur» pattern stored in memory, and can 
combine the texture patterns to create other 
patterns. The      careful       selection      of       the 
scaling factor for each of the available 
texture patterns gives the modeler the 
abihty to select the points at which more 
detail   will   emerge.     Th.s   means   the   amount   of 

detail in the scene will change according to 
the proximity of the viewer to the scene. 

In the previous example, the» texture pattern 
was given a scale factor of 100 feet. This 
repeats the pattern every 100 feet. However, 
if this pattern is combined with another 
pattern with i scale factor of 90 feet the 
combination of the two patterns will not 
repeat for 900 feet. And if this combination 
of patterns is combined with a pattern wnot? 

Texture Patterns 

The modeler selects the texture patterns to 
be used in a particular data base. Tevture 
patterns that are useful in one application 
may not be in another. For example, the 
texture map that is used to create a woter 
pattern is derived from several sine 
functions, whereas grassy patterns are taken 
from a fractal   like function. 

Fractal techniques have been ised to create 
many "natural !oo! <ng ' scenes, as their 

an effective randomness 
The modeler should 

patterns based on the 
of       the       data       base. 

application    p* jduces 
in        the       images. ' 
select    the    textjre 
specific       application 

The texture patterns can move in respect to 
other texture patterns, as well a* to the 
surface they are modeled on. This motion is 
restricted to the plane of the surface, but 
the effect of the movement is appealing. 
Mo\ <ng two or more texture patterns with 
f\ rpect to one another produces » wave motion 
useful for * sea scene or in giass, rotor 
wash in water, or d »st trailing a vehicle. 
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Another variable in applying texture is the 
use of contrast in the texture pattern. 
Contrast is distinction between the dark and 
light areas of the pattern. The contrast of 
a pattern can be controlled to give patterns 
that range from subtle to very obvious. But 
too much contrast may result in an 
unrealistic scene that could alias inspite of 
the clamping function described in the 
previous section. Too little contrast can 
produce a pattern that is so subtle that it 
becomes ineffective. The over all frequency 
spectrum of a pattern combined with contrast 
can yield a pattern that is less likely to 
require antialiasing. 

Color 

The    color    of    a     surface     is     chosen     for     its 
particular        application. Texture        p itterns 
interact     with     the     surface     color, 
create    greatly    diversified    scenes, 
texture     pattern     that     is     used     to 
appearance     of     a     grassy     area     on 
surface   can    be    used    to    create    a 

and     can 
The    same 
give     the 
a     green 

sand    dure 
effect on a brown or tan surface. The 
appearance of a scene can be varied by the 
correct choice of color and the applied 
texture pattern . 

Application of Texture Building Blocks 

With the texture building block of pattern, 
scale factor, and color the modeler can apply 
texture patterns on surfaces giving height, 
motion, and closure cues. This gives the 
modeler on a low cost system more surfaces to 
use in creating man-made structures or 
non-ground plane natural objects. 

These building blocks have been used to 
generate data bases that range from water to 
desert and grass to clouds. Figure 3 is an 
example of the application of texture in 
producing a sea scape. The wave* are mace up 
ol two texture palter.is at scales of 271 feet 
and 1023 feet. These values were chosen to 
provide for working altitudes of 100 to 1000 
feet. At an altitude of 1000 feet, the blue 
sea color is broken up to provide motion 
cues As      a      pilot      descends      below      this 
altitude, the        smaller        pattern        emerges, 
providing closure cues for him. 
The effect of the emergence of the texture 
can best be demonstrated on the vi<ua! system 
itself, or in a motion picture. Figures 3, 
4, and o show the emergence of the texture as 
the position of *he observer changes in three 
static pictures. The ship is shown to 
provide a distance reference. 

The first view. Figure 3, shows a very large 
texture pattern from an altitude of 10(H) 
feet. Figure 4 shows the texture as the 
second pattern is beginning to become visible 
at about 250 feet. figure o shows t lie 
texture patterns from a height of 50 feet, 
where the viewer can no longer see the effect 
of the larger texture ; Mtern. 

The scale factor is used to specifically tune 
the data base for its intended application. 
The scale factors used for a h<gh altitude 
flight path would be different than those 
used for low level flight or for maritime 
applications. The scale- factor is 
incorporated into the dato base during the 
design process and gives a system the 
flexibility to be used for many design 
applications. 

APPLICATION OF TEXTURE 
IN DATA BASES 

The addition of texture to the NOVOVIEW SP3T 
product line hss solved many of the 
traditional problems that face data base 
designers; specifically how to incorporate 
the scene complexity needed for speed and 
height cues, and at the same time provide 
enough real world features to make the date 
base usable and recognizable. While the use 
of texture greatly simplifies some design 
areas, there are several new parameters 
associated with texture implementation that 
require decisions to be made early in the 
design process, and that may require possible 
tuning throughout construction. These 
parameters include the design or selection of 
the texture patterns, the size of each 
pattern, and the height and dynamics oi each 
selected pattern. 

As with all other elements of the data base, 
the texture features must be selected for the 
intended training requirements. For example, 
if helicopter take-off and landing training 
is the intended application, then a texture 
pattern designed for JS*> at 10,000 feet would 
be wasted on the lo.v altitude flight 
simulation of the helicopter. 

The texture patterns can be selected only 
after the use of the data base has been 
established. In tne NOVOVIEW SP3 system, the 
user can choose a total of four texture 
patterns from a growing library constructed 
by the supplier on an in-house computer and 
frame       buffer       facility. Tlv»       process       of 
textureselection should include the end-user, 
whenever possible, to meet the specific needs 
of the data base design, 

The choice of the texture patterns must be 
evaluated with the combination of the 
available scale factors and their application 
to the various coiors to determine what is 
most suited for the particular training 
needs. Fortunately,        syste.r:       architecture 
readily       allows       for       the       substitution       of 

different patterns or alterations in pattern 
s;ze during the construction process. 

Once an initial set of texture patterns has 
been selected, the allocation of svstem 
resources can begin. Using texture for 
natural features and reserving the edges jnd 
faces land light points) for cultural objects 
is      the      standard      approach. The      classic 
example of this configuration is the ship in 
Figure  ',  where all of the system capacity 
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except       the       sky      and      water 
dedicated to the ship and wake. 

surfaces      is 

Many applications of texture are not as clear 
cut as the ship example. With, an extensive 
use of texture in sky and cloud features, a 
pilot        wit! still        require        a        frame       of 
reference. This could be provided by cross 
checks with airspeed and altimeter 
instruments that would take place in the real 
aircraft. The advantage of texture is that 
the frequency of these cross checks is much 
closer to real world flying conditions. I he 
frame of reference can be established by 
having items of know size and orientation 
along the flight path. When system capacity 
allows for ft. reference features should be 
included in the dato base design. 

Natural Scene Elements 

Texture's most obvious application is to 
large homogenous areas such as ocean, desert, 
snow, and sky cloud scenes. With these 
fairly simpie cases, there        are        still 
considerations to take into account. If a 
pattern is too small or has too much 
contrast, the repetition of the pattern can 
become obvious and distracting. This can be 
solved by tuning the scale of the pattern or 
choosing a less regular one, such as shown in 
Figures 6 and 7. 

Attention must also be given to the texture 
chosen, so that it doesn't supply too many 
cues. The real world task of flying at low 
altitudes over large homogenous areas like 
water or snow can be very hazardous because 
of disonentation and optical illusions. If 
the textures creates a scene that is too 
solid, negative training could result. The 
dynamic capabilities of the texture can be 
used to avoid this problem. An effective 
approach is to move each of the texture maps 
independently. In the case of an over water- 
flight, the same wave' pattern can be loacfed 
into two of the available texture maps. The 
patterns can then tie moved in opposite 
directions at the same speed. The constant 
interaction between the two patterns creates 
a heaving effect. This same method can be 
used to produce blowing snow or sind. 

Sky       and       cloud       decks       are       also      obvious 
tippm-tiiruui    i-M    icxiurc      On clear    days,    the 
sky    will    normally    have    some clouds    that    can 
provide     turning     and     pitch cues     when     the 
,,...^...,.{      ...      .«..♦        - .ui«.          A ...u»i..      .„.»....« not     visible.        A     subtle 

e 
texture 

an 
ground      is      uoi      VIMUIC, >\      suoue      it-xi 
pattern    applied    to   the    sky    and    placed    at   .in 
altitude   high   enough   to   not   be   penetrated   has 

a realistic appearance and can provide 
turning cues. An example ot this is shown in 

8. Cloud layers, as shown in Figure 
a more definite pattern. Some of 

patterns could be 
bnlowi    the    selected 

I .gure 
9,    require 
the       available       texture 
applied   slightly    above   and 
cloud     ceiling     or     cloud     top. cioua ceiling or cioua top. i nis pro\ »ties 
parallax cues that have a three dimensional 
appearance. The      ground      texture     may     be 
simultaneously used above the horizon with a 
different  (usually  larger)  scale factor-. 

When selecting ground patterns, their 
application to the sky and clouds may be a 
consideration 

Texture can also be effectively used on small 
areas. As shown in Figure 10, the texture 
pattern is used to simulate a metal mesh. 
This pattern is elevated to provide effective 
parallax cues when viewed with other patterns 
in the surrounding area, such as the sea 
surface pattern. 

Cultural Scene Elements 

The use of texture on man-made or man induced 
scene elements is not as frequent as on 
natural       ones. When      applied      to      cultural 
objects, it tends to be used on relatively 
small areas. Figure 11 shows the use of a 
small scale fractal pattern to simulate the 
surface and expansion cracks on a concrete 
runway This      is     an     effective     speed     cue 
during landing and taxi training. Although 
this is a useful application for texture, 
these patterns are limited to the small areas 
they were designed for. Also, such small 
areas are more likely to alias when close to 
eyepoint. The interaction of the pattern 
size and the clamping function is used to 
maintain ö solid scene. 
Because of this, in an application where 
several different small patterns are required 
in different parts of the data base, a 
management technique may be used that brings 
in a new pattern as each area is approached. 
This allows the combination of several 
patterns to be applied to the overall scene, 
including the sky, while applying only one 
pattern  to small dedicated features. 

SUMMARY 

The overall implementation of texture in the 
NOVOv'ILW SP3T has allowed experimentation in 
areas not previously associated with low cost 
systems. The use in scene elements such as 
smoke, dust clouds, and ship wakes are 
examples of the successful application of 
texture. The application of moving texture 
on static surfaces, or static texture on 
moving surfaces, and texture        moving 
simultaneously provide a wide variety of 
effects. Different      texture     patterns, tatic 
or dynamic, when applied to adjacent surfaces 
of the same color, produce results similar- to 
the shading effects that are associated with 
more expensive systems. 

The    addition    of    texture    generation   capability 

to a low cost system greatly increases the 
application range of that system. Not only 
does texture enhance the simulation 
properties of the system, by producing images 
th.«t more closely resemble terrain, skv and 
cultural objects, but these- enhancements arc 
at a relatively low cost to system overhead. 
With the antialiasing properties available, 
texture allows the ^ro\>or emergence of 
detail, making the closure to objects more 
realistic. 
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Originally, texture was conceived as a way of 
breaki :g up surfaces to provide the viewer 
with more information about surface contours, 
but the texture generating capabilities 
achieved through experimentation an j problem 
solving have proven texture to be a much more 
Vdluable tool. 

The application of tex'ure, within the 
structure of a low cost system, provides the 
end user with a data base that simulate? more 
natural appearing scenes and provides 
extensive training cues not previously 
available in such a system. 
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Figure 2  -  Ship  in Textured Sea 
at Altitude of 1000 Feet 

Figure 6 -   Conrow Airport with 
Grassy Texture 

Figure 4 -  Ship  in Textured Sea 
at Altitude of 250 Feet 

Figure  7      Desert Scene with  Tanks 

Figure b  -   Ship in Textured Sea 
at Altitude of about bO Feet 
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Figure 8 -   texture on Water Surrounding 
an Oil  Rig 

Figure  -   10 Texture on  Two Heights; 
the Water and the Wire Mesh 

Figure 9  -  Cloud  Texture Af>ovo  Landing 
figure   11   -   Cement   T*»xture w.th   Runway  Crjcks 

Pjd on Ship 
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ABSTRACT 

Feasibility has been demonstrated for a hybrid simulation approach which merges two technolo- 
gies, Computer Generated Imagery (CGI) and Computer Synthesized Imagery (CSI), to form Com- 
puter Generated Synthesized Imagery (CGSI). This approach holds promise as a cost-effective, at- 
tainable method of providing real-time, high detail imagery for visual and/or other sensors, such 
as FLIR. A videotape for a riap-of-the-earth flight was generated, demonstrating the fidelity and 
mobility that can be achieved using this CGSI hybrid approach A description of the approach 
will be provided along with selected video frames. Critical features which were demonstrated in 
elude: merging of the two technologies, vertical movement for target acquisition and landing, 
horizontal movement towards and away from objects, dynamic occulting of 3-D objects, dynamic 
smoke and dust, and color visual and IR imagery. 

INTRODUCTION 

The advanced development  and  increased use of 
such sophisticated sensors as: thermal imagir,;; low 
light level TV (LLLTV\ and imaging radar have sig- 
nificantly expanded the "apabilities of military plat 
forms.  Sensor  technology   developments   have  con- 
tributed both to safer and more effective operations 
and tactics. These gains in weapons system capabili- 
ty, however, can only be fully realized through effec- 
tive training programs. This training is more difficult 
because,  per';iptuaily, sensor  imagery, such as in 
frared, is novel to observers and therefore more dif 
ficult   to  use  and  interpret   This  problem  is com 
pounded  under  high data  rate workload conditions 
such as low-level flight. Training and exercising with 
the actual >vnsor systems in the real environment are 
certainly valuable training and contribute to the ef- 
fective employment of the sensor system in each mis 
sion phase  However, the cost and availability of fuel 
and other training  resources, combined  with  risk, 
have  resulted  in the  reduction of actual  platform 
training hours and. consequently, the opportunity to 
exercise the actual sensor systems. In light «if this sit 
uation, more attention must be directed to the de 
velopment    and    use   of   simulators    One   of   the 
challenges of simulation today is the effective, coordi 
nated   simulation  of advanced   sensor   systems  for 

training high data rate workload conditions such as 
low-altitude flight missions, nap-oft he-earth iNOE) 
and shipboard operation. In addition, ,t highly de 
sirable factor in any sensor simulation approach is 
the ability to correlate with an out-thewindow visual 
scene. 

To achieve the requited ievel of simulation, de- 
signers must consider a variety of factors including 
the aircraft itself, its mission, the sensor system, and 
the environment in which the system • v 111 IM« employ 
ed. In addition, there are other facto. \s related solely 
tu the actual simulation of sensor operation which 
must be considered. 

Hybrid system concepts such as Computer Generated 
Synthesized Imagery 1CGSI1 otter near terra solution 
for simulating sophisticated sensors and correlated 
visual sensor imagery Because of the high potential 
payoff from the real tune implementation of CGSI. 
NAVTRAEQUIPCEN. with support from PM 
TRADK. has funded Honeywell's Systems and Re 
search Center to provide a non real time demonstra 
lion of CGSI for a NOK flight and a design for real 
time implementation of CGSI. This report sum 
marizes the results of the effort. 
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COMPUTER GENERATED SYNTHESIZED IMAGERY Weakness of CGI 

This section describes the merging of the Computer 
Generated Imagery (CGI) and Computer Synthesized 
Imagery (CSD. CGI uses the computer to generate im- 
agery from a data base. CSI uses the computer to in- 
sert targets/objects in real-world pictures. CGI 
provides excellent control of a scene to be constructed 
and displayed for interaction in a simulation environ- 
ment. However, the fidelity is low, and as a result, re- 
alism in the displayed scene if poor. CSI is jus. the 
opposite. Fidelity is high, but contr <i over scene con- 
struction is restricted. Figure 1 represents the fideli- 
tyviewpoint flexibility of CGI and CSI and the resul- 
tant CGSI (Computer Generated Synthesized Im- 
agery). 

Figure 1. A  Computer Cenerated Synthesized 
Scene 

Although the position of a.i object can be accurately 
specified, correctly illuminated, and displayed in cor- 
rect perspective, the fine detail of an objec* cannot be 
realistically represented. The current state of the art 
in CGI object representation is such that objects ap- 
pear cartoonish. Some scene elements, such as barren 
terrain, sjnd, and clouds, can be represented more re- 
alistically ihan highly detailed structured objects like 
trees and grass. 

Contributions from Computer Synthesized 
Imagery (CSI) 

CSI uses photographs of real scenes. The objects in 
the scenes are not represented individually; nor is the 
scene modeled by elevation profiles. Usually the 
scene is held static, while single objects, like aircraft 
or tanks, move within the scene. The path followed by 
the moving objects is carefully laid out. In each 
frame, object occlusion is resolved by deciding which 
objects are in the foreground and which are in the 
background. This is a mar.ua! procedure. 

The strength of CSi lies in its use of photographs. 
With currently available video equipment, the photo 
graphic data can be manipulated in a manner 
previously considere»d impossible. Individual photo 
graphs can be stored on a video disc, along with hun- 
dreds of other photographs. Access is controlled by an 
index just as with digual data stored on magnetic 
disc. Thus, a frame can be constructed by calling up 
individual photographs and merging them in a frame 
buffer. 

Contributions from Computer Generated 
jmagery (CGI) 

The strength of CGI is its ability to generate surface 
representations. A real or artificial surface can be 
measured to get elevations at. specified points, usually 
at intersections of a uniform grid. The surface can In» 
constructed in a computer by connecting the sample 
elevations. 

In addition to realistic surface representations. CGI 
offers control over the placement of objects on the sur- 
face. Since the data of elevations is usually provided 
with a uniform grid, the placement of other objects 
can be specified on this same grid. Trees, rocks, 
shrubs, houses, and roads can all have thv:r positions 
defined ir the data base grid system. 

Correct illumination and perspective are the final two 
major contributions from CG«. Correct illumination is 
achieved by finding the surface normal for each Hixel 
displayed. This normal is used along with line-of- 
sight and the normal from the illumination source 
plus amibient intensi'y and haze factors to compute 
pixel intensity values. Correct perspective is achieved 
because the distance is a significant variable in the 
perspective transformation. 

Weakness of CSI 

The high-fidelity CSI scenes art limited to the view 
point of the camera. That i... one cannot drive through 
a scene unless a series of thiough the scene photo 
graphs is used. For any reasonable size gaming area, 
the number of through the scene photographs become 
prohibitive. For limited applications with fixed ob- 
servers, CSI may be sufficient. 

CGSI: The Merge 

CGSI combines the l>est features of both techologies: 
CG! and CSI. A scene is constructed by placing indi- 
vidual high fidelity CSi oojects on a specified CGI 
surface. A CGSI scene is constructed much like a CGI 
scene. The surface elevations and object locations are 
hud out on a uniform irrid. The individual objects 
used IK the scene are transformed for perspective and 
size. Th«s includes sine, position, rotation, warp, and 
intensity transformations on the image The surface 
may be a CGI texture or a series of CSI surface in- 
serts. The scene is constructed by placing the farthest 
object fust and continuing with overlays until the 
nearest objects have been placed The CGSI scene 
may be constructed with imagery from any portion of 
the spectrum-visual, infrared, millimeter, or radar 
frequencies. 
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HOW TO BUILD A CGSI SCENE 

This section demonstrates the construction of a typi- 
cal CGSI scene through eight steps. After tie* eight 
steps are completed, the resulting scene is provided to 
the video monitor. This process is repeated at the 60 
Hz field rate. 

The construction of a CGSI scene begins with the sur- 
faces, ground, ander sea and sky. The sequence con 
tinues with the addition of objects, both small and 
large. The objects may be trees, rocks, bushes, houses, 
roads, lights, vehicles, ships, docks, airplanes, etc. 
Finally, the special effects are added which include 
smoke, dust, clouds, raid «hadows. 

Sky (Figure 2) 

Sky is added ia segments over distant background. 
By breaking the sky into segments, peaks, and val- 
leys form the skyline shown. In this example, the sky 
was broken into fi-;e segments. In general, the lower 
edge of the segment does not need to be straight, but 
may In- curved or tagged to simulate rolling or sharp 
hills or mountains. The indiv dual segments are 
warped based upon minimum and maximum data 
bast1 elevations and upon viewpoint. 

Figure .'I, Textured Surface Scene 

Road Scene (Figure 4) 

The surface library may also contain special surfaces 
such as roads, streams, and por Is. In this example, 
roads in the data base library were warped to fit the 
screen coordinates, This scene also contains lour tex 
tu red surfaces. 

Figure 1\ Sky Scene Figure I. Road Scene 

Textured Surface Scene (Figure_3) 

Textured surfaces are also added in segments to form 
the foreground surface The untouched region be 
tween the sky and foreground forms the distance 
background Stored textured surfaces warped to tit 
the screen coordinates of the surface polygons, are 
then added to the screen The intensity of the surfaces 
is varied based upon the range or other parameters 

Smail 2D Objects (Figure 5} 

Small I'ACrdimensional '2I>' objects, loss 'ban I In of 
tiie scene's area, are added Most natural objects such 
as trees, husht s. ami rocks ma\ be repreM-n'.ed Iron; 
one side These are called 2D objects Objects which 
cannot be represented from one side such ,i> houses, 
tanks, ships, etc are referred a* as ihn ••.• ilmtenstoual 
objects >'M)>   Small objects are processed b\   less <\ 
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pensive processing hardware/software than large ob- 
jects and surfaces. During the flight through a scene, 
the 2D object will be handed off to a large 2D process- 
or when it occupies more than 1/16 of the area of the 
scene. 

Figure 5. Small 2D Objects 

Figure 7. Multi Surface Object Scene 

Large 2D Object Scene (Figure 8) 

Large 2D objects typically occupy more than 1 16 of 
the scene's area. These objects may be expanded so 
that an object will cover more than the entire surface 
of the screen. 

Mrlti-View Object Scene (Figure 6) 

The tank is an excellent example of a multi-view ob- 
ject. Multi-views of the tank are stored and the cor- 
rect view, based upon the tank path, elevation, and 
observers viewpoint, is used in constructing the 
seen». The tank may be moving and may be very 
large. 

Figure ti.  Multi \'ie>r (ßbjett Scene 

Multi Surface Object Ccene (Figure 7) 

The house is an excellent example »fa mull »surface 
object The house is separated into three surface*, two 
roof segments torn* if l*-th sides are identical' two 
ends, and two sides Th<- individual surfaces of the 
house are warped from a normalized view i«> tht* per 
spective dictated by the screen coordinates and then 
joined together. Images of th> type may lv con 
structed for enemy objects it intelligence information 
is presented 

Figure H. Large 21) Object Scene 

Special Effects Scene (Figure 9) 

Special elf' ots are used for translucent surfaces which 
,.,.\.uV clouds, dust, smoke, and shadows. A mask 
controls the transmission functions and a second in 
put word controls the intensity and color. 

Figure V. Special Fffrcta 
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Complete Scene (Figure 10) 

This completes a CGSI scene. 

Figure 10. Complete Scene 

CGSI SYSTEM OVERVIEW 

Figure  11  is a functional overview of a real-time 
CGSI system. 

Data Base Construction 

The data base consists of two very different types of 
data: the object library and the gaming area. 

The object library contains images of objects and sur- 
faces, and transmissivity masks of special effects from 
one to many bands of u.e spectrum. This allows the 
Simulation of not only the visual domain, but also in 
frared, millimeter and radar frequency sensors. The 
object library may also contain a mixture of 21) and 
111)  images. The   images  may  contain  a  variety  of 
day night and diurnal conditions. The object library 
consists of many actual high-fidelity images taken in 
the real world from sensors and stored in a photo 
graphic manner. In constructing a high fidelity object 
library, images from individual real-world elements, 
highly accurate models, artist drawings, photographs 
of enemy devices, etc., are restored (correct edge roll 
off» to form "near perfect" images. This s achieved by 
operator and machine controlled thresholding «drop 
ping out  the background I intensity corrections, re- 
alistic   color   control   and   perspective   normalizing. 
Ground contact and height reference points are also 
added The "near perfect" objects, surfaces, and spe 
cial effects are stored on a rapid access and high 
speed data »ate media 

The gaming area data base provides the information 
necessary for placing the contents of the abject li 
brary. objects, surfaces, and special effects on a gn.i 
or gaming aiea. 1 ne objects may In* placed by an «»per 
stor or in a random manner by the computer. The ob- 

jects in the library may be either stationary or 
capable of movement. 

The output of this function determines "What is in 
the scene." 

Vehicle Simulation Computations 

The vehicle simulation come itations, based upon the 
vehicle math model and cortrol inputs, determines 
the locations and viewing direction of the visual or 
sensor system for the primary vehicle. In addition, 
computation may be performed on secondary vehicles 
based upon vehicle models and selected paths. The 
output of this determines, "Where am /?" 

Systems Interface 

The I/O of the vehicle simulation system and I/O of 
the CGSI system must interface in an efficient man- 
ner The communication subsystem is a bi-directional 
link and buffer interfacing the two systems. This 
function is the handshake and data flow between the 
systems, "Comr unications." 

Field of View (FOV) and Coordinate 
Transform Computations 

The FOV processor determines the presence of ob 
jects. surfaces, and special effects in the scene under 
construction. The output of a transformation matrix 
<V> converts real-world coordinates to screen coordi- 
nates. This data from the transformation matrix per 
mits rapid testing and determines if all or any portion 
of the objects, surfaces and special effects are present 
in the s.ene. To avoid testing for the presence of all 
the objects in the data base, a "smart"' algorithm 
tests only those objects or surfaces which are in the 
proximity of the scene. The FOV processor maintains 
a list of objects in the FOV and their object, surface or 
special-effect channel assignment. The function of the 
FOV computer is to determine. "What can I ute?" 

Controllers ^Object/Surface/Special 
ffTecti 

The controllers fan out and process the control tune 
lions generated during la»1 FOV computation The 
processed control functions are passed t»> the oh 
ject surface special effects processing channels The 
main functions performed by the controller are the 
transform of gaming area coordinates u> screen coor 
dinates, range from the vehicle to each object in FOV, 
intensity of each object based upon range, object iden- 
tification, and commands to the object library base ; >r 
trw retrieval of the correct image data Tin* function 
of the controller is to "Fan out FOV data and gencr* 
ate precise control data. " 

Object Surface Special Effects 
pbrary 

The library stores th*' images used to construct a 
scene  The controllers command the selected images 
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which are passed to the processing channel*». The 
function of the library is to "Provide the correct im 
age upon command. " 

Object/Surface/Specia! Effect 
Processing Channels 

The individual processing channels pipeline process 
ors process one object, surface or special-effect per 
channel. All the processing channels operate in an 
identical manner; large object, small object, surface or 
special effects Each processing chr nnel modifies ob- 
jects, surfaces, or special effects from the object li- 
brary by the transformation specified by the control 
functions. That is, the object, surface, special -effects 
processing channels change a stored imagt. (normal 
perspective) to scene conditions (screen coordinates! 
by changing image, position, size, rotation, and warp. 
Image intensity is modified based upon range and ob- 
ject type. The function of the parallel pipeline process 
ing channels is to "Modify each object, surface and 
special effect used in the seen». " 

Scene Construction 

The scene construction module takes the individual 
linage from each processing channel, separates the 
image from the background, and assembles the sc ne 
based upon range. Near objects occlude more distant 
objects The high frequency edges generated by as- 
sembling a scene from individual images are 
smoothed by ,i Gaussian function. This operation 
matches edge and internal frequencies. 

This function receives range information irom the 
two object controllers. This range is used to determine 
whether or not a particular object is in front of. or be- 
hind other objects in the scene If the particular object 
pixel is the closest occupied pixel in the scene, then it 
will In* the pixel displayed This may be termed .1 
"nearest" algorithm. 

The ^-ent' .onstruction function accepts video inputs 
from each video channel, and from a background level 
source defined by the FÖY computer This function 
outputs real time video signals to the special effects 

The digital scene construction function contains the 
following subfunctions: 11 object channel combination. 
21 scene intensity adjustment to accommodate scene 
wide intensity corrections, and *i» smoothing to com 
pensate for abject to object and object to background 
boundaries The function of the scene construction 
module is to "\*xtmhlt the picture. " 

Speo«! Effects 

"Hie translucent special effects arr added after the 
generation of the scene The special effects module 
adds the special effects bpsed upon rang- Special ef- 
fect«, such as smoke, or dust, may occur ahead of. or 
behind iraages in the scene The intensity masks 
stored in the objett library and processed in the *pc 

cial effects processing channel conto! the trans- 
missivity of the special effects The intensity value in- 
put controls the intensity color of the special effects: 
the black smoke and white clouds. The unction of the 
special effects module is to "Add dynamic or static 
translucent effect«." 

TECHNOLOGY OVERVIEW 

Figure 12 presents a hardware software overview. It 
shows that: 

1. Most of the hardware exists as a complete 
subsystem or at the card level. 

2. The system does not contain large amounts of soft- 
ware. 

.'). The system has common components: the same 
hardware and software is used for controlling sur 
faces, objects, and special effects. 

4. The system is modular. The technology can be con 
figured for many different applications by adding 
o- subtracting the modular components. 

5. The input images are real. 
6. The real-time requirements of 3€ frames second 

and KH) millisecond transport delay are 
achievable. 

7. The key components in the system are tlv oh 
jec   surface special effects processing channels 

Object Surf ace Special Effect <0SSE1 
PfcceTslng^Crianner Hardware 

Because of th.' extreme importance of the OSSK proc- 
essing channel hardware it is discussed in greater 
depth 

To obtain the correct intensity, color, image, size, lo- 
cation, rotation, and perspective the following func 
tions are performed on the library data. 

a A highspeed (approximately 100 nsec samples' 
analog to digital toavertet converts the object im- 
age to a digital format. The digital format has 512 
pixels ;H*V line, 480 acme I in ''>2f> lot ah and 
eight lots 'M-r pixel liJSti gray «.hades* 

b. A high speed memor) card accepts the d'gital data 
in either the \ or Y axis The axis and direction of 
loading is dependent on »he rotation of the image 
The data is loaded to minimize pixel compression 
during the processing passes Kai her than rotate 
an image **><) degrees which may result in some im 
age loss, the data is loaded in the perpendicular 
axis fat kM) degrees» and rotated M) degrees. This 
memory card also holds the object image for pruc 
easing when the optical disc controller is selecting 
a new track «image I This card may be omitted it 
the objects are stored on :hr disc in HO legrer in 
creinents or if the rotations are less than * 45 
degrees 
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c. A look up table modifies the intensity values of im- 
ages tfor range and contrast effects». This opera- 
tion requires only a delay of several pixels. 

d. A warp card transforms the image in the Y axis on 
a line-by-line basis. The starting point (offset» and 
magnification factors shift and compress or ex- 
pand the pixels of each line. This operation delays 
the flow of pixels by one line. 

e. A second identical high-speed read write X and Y 
axis memory card accepts and stores the trans- 
formed Y data for an odd and even field t > form a 

frame. After the Y axis field is loaded in the Y 
axis, the X axis data is read out by line, and even 
and odd fields. This buffer operation requires one 
video frame. 

f. A sec md warp card identical *.o Y processes X axis 
data by shifts and expands or compresses lines. 
Again, this operation delays the image by approx- 
imately one video line. 

Figure 13 shows a possible hardware implementation 
of a processing channel. 

CGSI System Configuration 

CGSI uses a modular set of building blocks which 
may bt configured to meet specific training and sim- 
ulation requirements. A system may be configured for 
a wide FOV visual color display or a narrow FOV sen- 
sor display. In addition, CGSI may be added to exist- 
ing CGI systems as a product improvement to im- 
prove realism and fidelity. 

CGSt STATUS 

The feasibility of CGSI  in non-real time has been 
demonstrated using a video tape showing a napof 

the-earth helicopter flight. The CGSI demonstration 
video tape shown at the conference was generated in 
non-real lime. All the algorithms, edges, perspective, 
ciust, smoke, shadows, etc., were tested in non-real 
time. A real-time CGSI system has been designed for 

NAVTRAEQC1PCEN/PM TRADE under the contract 
''Extend CGSI Concept. " 

Because of tbe high potential payoff from the develop- 
ment of this hybrid approach, the Navy and the Army- 
have current plans aimed at demonstrating feasibili- 
ty of this CGSI technology in real-time. CGSI pipeline 
processors will be interfaced to NAVTRA 
EQUIPCEN s Visual Technology Research Simulator 
(VTRS) facility for evaluating CGSI concepts and for 
demonstrating combined multisensor displays. Figure 
14 demonstrates the high fidelitv and realism of 
CGSI. 
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